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ABSTRACT 
This research was conducted to assist in transportation safety planning at both a 
macro (statewide) and micro (neighborhood) level of geography. Addressing safety 
issues at high crash incidence locations through crash countermeasures or better 
geometric design helps to make our roadways safer; however, the most influential and 
ever-present factor in most crashes, the human factor, is not directly addressed. 
Therefore, the primary goal of this research was to identify and analyze phenomena about 
the residences of drivers involved in crashes using spatial and statistical methods. These 
phenomena include socioeconomic and demographic characteristics of neighborhoods 
where these drivers live and the proximity of crashes to driver residences. Understanding 
the correlation between the densities of drivers involved in crashes and characteristics of 
neighborhoods where they live may help to optimize expenditure of scarce safety funds 
on safety programs that better target current and future high risk drivers. To add to this 
goal, a more focused probe into young driver behavior was done through an investigation 
into teen driver crash involvement within South Carolina public high school districts. 
Also, an investigation into the proximity of traffic crashes from driver residences was 
done to identify any relationships or possible correlations with trip lengths. 
The residential locations of drivers involved in crashes in South Carolina, found 
using 9-digit zip codes acquired from the South Carolina Department of Motor Vehicles 
(SCDMV), were crucial to the success of this research. Other important data elements 
needed for this research were: spatially accurate crash data, census socio-demographic 
data and boundaries at a relatively fine scale (block group level), high school attendance 
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zone statistics and boundaries, routable street networks, and statewide grid cells at one 
square mile resolution. A combination of spatial analysis techniques (crash location 
coordinate geocoding, driver residential 9-digit zip code geocoding, block group 
aggregation, cluster analysis, grid cell aggregation, and network analysis) and statistical 
analysis methods (odds ratio, risk ratio, correlation analysis, multiple linear regression 
and Chi-square tests) were used in this research. 
The results of the spatial and statistical analyses conducted in this research 
demonstrate the significance of relationships between high and low density clusters of 
drivers involved in fatal and injury crashes (at-risk drivers) and the socio-economic and 
demographic characteristics of the residential areas where these at-risk drivers live. For 
example, the median household income and educational attainment (at least college 
degree attained) variables showed a negative correlation to the at-risk driver clusters, 
meaning that areas with high median household income and high educational attainment 
were more likely to have fewer at-risk drivers than other areas.  Also, the regression 
estimates suggest that public high school zones with high graduation rates, high overall 
enrollment, and less money spent per student (low poverty index) have a lower rate of 
young driver involvement in fatal and injury crashes compared to zones with low 
graduation rates, low enrollment, and more dollars spent per student (high poverty index). 
Although the proximity analysis results suggest that approximately 35% of crashes occur 
within 5 miles of the driver’s residence, the risk ratio analysis shows that considering 
only trip length, the probability of being involved in a fatal or injury crash is lower for 
trips closer to home when normalized based on the number of actual trip lengths. Lastly, 
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the one square mile grid aggregation of both at-risk drivers and crashes of specific 
contributing factors help zero in on areas to be concentrated on from a safety program 
implementation and enforcement standpoint. 
This research could potentially assist the decisions of state officials with regard to 
selecting and implementing transportation safety programs and strategies for the safety 
emphasis areas in South Carolina’s current strategic highway safety plan, ‘Target Zero’. 
Overall, a more holistic approach to transportation safety would be to encourage 
transportation professionals and state policy makers to consider the approach taken in this 
research where drivers are made the focus of transportation safety in combination with 
the more traditional methods of addressing safety through countermeasure 
implementation and better geometric design, thus optimizing the use of limited state 
funds and resources.  
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Addressing safety issues at high crash incidence locations through crash 
countermeasures or better geometric design helps to make our roadways safer; however, 
the most influential and ever-present factor in most crashes, the human factor, is not 
directly addressed.  Studies have shown that drivers share responsibility in more than 
90% of crashes. 
The primary goal of this research was to identify and analyze phenomena about 
the residences of drivers involved in crashes using spatial and statistical methods. These 
phenomena include socioeconomic and demographic characteristics of neighborhoods 
where these drivers live and the proximity of crashes to driver residences.  Understanding 
the correlation between the densities of drivers involved in crashes and characteristics of 
neighborhoods where they live may help to optimize expenditure of scarce safety funds 
on safety programs that better target current and future high risk drivers. Safety initiatives 
that focus on the greatest number of high risk drivers in an effort to reduce risky behavior 
behind the wheel will ultimately make South Carolina roads safer. Specifically this 
research could potentially assist the decisions of state officials with regard to selecting 
and implementing transportation safety programs and strategies for the safety emphasis 
areas in South Carolina’s current strategic highway safety plan, ‘Target Zero’ 
This dissertation document consists of three research papers on transportation 
safety. These papers make use of two large datasets: South Carolina Crash Data (2007 – 
2012) and South Carolina Driver Residential Nine-Digit Zip Code Data. Therefore, to 
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some extent, sections of the three papers (the data acquisition and processing sections in 
particular) reflect the fact that the same datasets were used. Each paper accounts for one 
chapter of the dissertation. The objectives and tasks performed towards achieving the 
research goal were divided among the three papers and are as follows: 
PAPER I: Analysis of the Socio-Economic and Demographic Characteristics of At-
Risk Driver Residential Areas in South Carolina 
Objective 1 
Identify residential clusters of drivers involved in crashes, and show a spatial relationship 
between clusters of drivers involved in fatal and injury crashes and the socio-
demographic characteristics of their residential areas. 
Tasks 
Task 1: Acquire 2010 Census data and Geographic Information System (GIS) files at the 
block group level of geography. 
Task 2: Extract drivers’ licenses of drivers involved in crashes from South Carolina crash 
data (from 2007 to 2012) acquired from the South Carolina Department of Transportation 
(SCDOT). 
Task 3: Acquire driver residential 9-digit zip codes from the South Carolina Department 
of Motor Vehicles (DMV) using extracted drivers’ license list. 
Task 4: Combine driver residential 9-digit zip codes with SCDOT crash data files. 
Task 5: Extract summary statistics of demographic and socio-economic characteristics of 
drivers involved in crashes. 
Task 6: Geocode driver residential 9-digit zip codes in ArcGIS. 
Task 7: Perform geospatial analysis (driver block group aggregation, cluster analysis, 
grid cell analysis) in ArcGIS to identify clusters of drivers involved in crashes by crash 
severity, crash contributing factors, and age groups. 
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Task 8: Perform geospatial analysis (cluster analysis) to identify socio-economic and 
demographic patterns across the state and investigate their relationship to clusters of high 
risk drivers. 
Task 9: Perform statistical analysis (odds ratio and risk ratio analysis) on drivers involved 
in crashes to highlight the contribution of age groups to fatal and injury crashes. 
Paper I was originally published in the refereed conference proceedings of the 2016 
Annual Meeting of the Transportation Research Board. A variation of this paper was 
presented at the 2016 AASHTO GIS-T conference. Also, Paper I received the Best 
Student Paper Award at the 2016 AASHTO GIS-T conference and the 2nd place award at 
the Southern District of the Institute of Transportation Engineers (SDITE). 
PAPER II: Investigation into Teen Driver Crash Involvement in South Carolina 
Public High School Attendance Zones 
Objective 2 
Identify the characteristics of public high school attendance zones with a high 
representation of young drivers involved in fatal and injury crashes.   
Tasks 
Task 1: Acquire public high school locations, attendance zones, enrollment, evaluation 
grades, student-teacher ratio, and other pertinent high school data. 
Task 2: Extract young drivers (15-19 years) involved in fatal and injury crashes from 
combined driver residential data and crash data. 
Task 4: Aggregate young drivers (15-19 years) involved in fatal and injury crashes to 
public high school attendance zones. 
Task 5: Perform statistical analysis to investigate possible relationships between young 
drivers involved in crashes and high school attendance zone characteristics. 
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PAPER III: Too Close to Home? An Investigation into Crash Proximity Relative to 
Driver Residences in South Carolina 
Objective 3 
Investigate the proximity of fatal and injury crashes from driver residences and how the 
proximity of crashes correlates to trip lengths. 
Tasks 
Task 1: Acquire trip length data from the National Household Travel Survey (NHTS). 
Task 2: Create unique routes between a driver’s residence and corresponding crash 
location.  
Task 3: Perform statistical analysis on crash proximity and trip lengths. 
Paper III was originally published in the refereed conference proceedings of the 2016 
Annual Meeting of the Transportation Research Board. A variation of this paper was 
presented at the 2016 AASHTO GIS-T conference. 
***All three papers are in the process of being submitted to scholarly journals. 
The next three chapters (Chapter Two, Chapter Three and Chapter Four) contain 
the three research papers introduced in this chapter, followed by the dissertation 
conclusion in Chapter Five and then appendices. The remaining sections of this 
dissertation demonstrate the possible benefits of adopting a more holistic approach to 
transportation safety, especially from a driver location standpoint. 
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CHAPTER TWO 
PAPER I: Analysis of the Socio-Economic and Demographic 
Characteristics of At-Risk Driver Residential Areas in South Carolina 
ABSTRACT 
This research was conducted to assist in transportation safety planning at both a 
macro (statewide) and micro (neighborhood) level of geography.  In particular, the goal 
of the research was to assess the potential of selecting geographic areas in the state using 
spatial and statistical tools to optimize expenditure of scarce safety funds on safety 
program implementations to improve driver safety in South Carolina.  Addressing safety 
issues at high crash incidence locations through crash countermeasures or better 
geometric design helps to make our roadways safer; however, the most influential and 
ever-present factor in most crashes, the human factor, is not directly addressed.  
This paper investigates the socio-economic and demographic characteristics of 
residential locations (found using 9-digit zip codes) of drivers who were reported as 
having contributed to either fatal and/or injury crashes (at-risk drivers) in South Carolina.  
The analysis unit is at the census block group level of geography. The results of the 
spatial and statistical analyses conducted in this research demonstrate the significance in 
relationships between high and low density clusters of at-risk drivers and the socio-
economic and demographic characteristics of the residential areas where these at-risk 
drivers live. For example, the median household income variable showed a negative 





income were more likely to have fewer at-risk drivers than other areas.  The spatial and 
statistical analysis methods used in this research are readily transferable, use widely 
available census data, and are dependent only on the availability of information to 







According to the Fatality Analysis Reporting System (FARS) of the National 
Highway Traffic Safety Administration (NHTSA), fatal crashes in the United States 
decreased from 39,252 to 30,800 between 2005 and 2012. Over the same time period, 
vehicle crash fatality rates per 100 million vehicle miles traveled (VMT) and vehicle 
crash fatality rates per 100,000 population also declined nationally. Although South 
Carolina has seen similar trends in all three crash statistics within the same time period, 
fatality rates within the state remain significantly higher than national rates. For example, 
in 2012 South Carolina recorded 1.76 fatalities per 100 million vehicle miles traveled 
(VMT) and 18.3 fatalities per 100,000 population while the national rates were 1.13 
fatalities per 100 VMT and 10.7 fatalities per 100,000 population respectively (1, 2).  
  The downward trend in fatal crashes nationwide can, in part, be attributed to the 
increasing efforts by cities, counties, and states to make their roadways safer by adopting 
and implementing effective road safety measures and strategies. Most of the current 
practices of implementing road safety strategies and measures focus on system 
improvements, such as operational enhancements (converting a four-way stop to a 
roundabout) or improved geometric design (adding shoulders or improving sight 
distance) in high crash incidence locations (3-6). While addressing safety issues at these 
troubled locations through countermeasure implementations may make our roadways 
safer, the most influential and ever-present factor in most crashes, the driver, is not 
directly addressed. As illustrated in Figure 1, studies have shown that the vast majority of 





factors related to the roadway and/or the vehicle (7). Specifically, a study in Monroe 
County in Indiana reported human factors to be the probable cause of over 93 percent of 
crashes, while roadway environment factors and vehicular factors were reported to be 
probable causes for about 34 percent and 13 percent of the crashes respectively (8). An 
analysis of South Carolina crash data from 2007 to 2012 indicates that drivers contributed 
to over 92 percent of all crashes reported based on the primary and other contributing 
factors identified in the crash report.  These factors include unsafe speed, distracted 
driving (e.g. texting or inattentiveness), driver error (e.g. improper turn), and driving 
impaired (e.g. DUI), among others. 
 
Figure 1: Contributing Factors to Vehicle Crashes (7, 8). 
 
This paper investigates common socio-economic and demographic characteristics 
of the residential locations of drivers contributing to fatal and injury crashes in South 





risk drivers. The goal of the research was to assess the potential of selecting geographic 
areas in the state using spatial and statistical tools to optimize expenditure of scarce 








Traffic Safety Policy in South Carolina 
Recent efforts by the South Carolina Department of Transportation (SCDOT) and 
the South Carolina Department of Public Safety (SCDPS) to reduce vehicle crashes, 
especially injury and fatal crashes within the state, led to the development of the Strategic 
Highway Safety Plan: The Road Map to Safety (SHSP) in 2003 and the publishing of it in 
2007. Using 2004 as the baseline year, two goals were adopted. The goals were to reduce 
traffic fatalities from 1046 in 2004 to 784 or fewer in 2010 and to reduce the number of 
traffic crash injuries by 3% annually (9).  
In 2010, there were 809 traffic fatalities in South Carolina (10). This number, 
although significantly (23%) lower than the number of fatalities in 2004, narrowly failed 
to meet the set goal of 784 or less. There was a 6% overall reduction from 51,226 injuries 
in 2004 to 48,303 injuries in 2009. However, a year by year analysis shows that the 
annual 3% goal was not met within the five year span. Furthermore, a 3% annual 
reduction in traffic crash injuries over the five year span would have resulted in 43,990 
injuries in 2009, compared to the observed 48,303.  Although the overall proposed goals 
were not fully achieved, the evaluation of the effect of the 2007 SHSP across the 
emphasis areas showed that there has been a substantial reduction in total crashes, 
especially fatal and injury crashes leading to significant gains in transportation safety in 





New requirements for all states to update their SHSP in the current federal 
transportation act, Moving Ahead for Progress in the 21st Century (MAP-21) led to the 
revision of the 2007 SHSP in 2014. The revised SHSP entitled ‘Target Zero’ was 
published in 2015.  The updated 2015 SHSP: Target Zero has the ultimate goal of 
recording zero traffic-related deaths with a reduction in severe injury crashes in South 
Carolina (11). Based on review and analysis of fatal and severe injury crash data from 
2008-2012 in South Carolina, the following emphasis areas were selected for the 2015 
SHSP: Roadway Departure, Unrestrained Motor Vehicle Occupants, Age-Related, 
Speed-Related, Vulnerable Roadway Users, Intersection and Other High-Risk Roadway 
Locations, Impaired Driving, Commercial Motor Vehicles/Heavy Trucks (11). The goals 
of ‘Target Zero’ over each emphasis area will be evaluated annually over a four-year 
period (2015-2018) (11). Based on the noticeable effectiveness of the 2007 SHSP, and 
the intensified efforts by the South Carolina Department of Public Safety (SCDPS), the 
South Carolina Department of Transportation (SCDOT) and other partnering agencies 
and groups, it is envisioned that the implementation of the 2015 SHSP will see even 






REVIEW OF DRIVER BEHAVIOR AND CRASH 
CONTRIBUTING FACTORS 
There has been a substantial amount of research over the years on factors that can 
potentially influence traffic crash frequency and severity. This section will review studies 
on these factors and highlight significant findings as they relate to this paper.  
Demographic Factors 
Research has shown that driver population characteristics, like age and gender, 
are significant determinants of traffic crashes. Studies have concluded that younger 
drivers, typically under the age of 30, are the most likely group to be involved in a crash 
(12, 13). Within the young driver grouping, teenage drivers have the highest odds of 
being involved in a crash, particularly a fatal crash (14). Drivers over the age of 65 were 
the second most likely age group to be involved in a crash (12, 15). Therefore, middle 
aged drivers are the least likely to be involved in a crash (12, 15, 16). Several studies 
have also shown that more male drivers are involved in fatal crashes than female drivers 
(12, 15, 16). Statistics compiled by the National Highway Transportation Safety 
Administration (NHTSA) over the years have shown that male drivers have a higher fatal 
crash rate than female drivers across all driver age groups. This is especially prominent in 
younger drivers under 25 years of age (14). Young male drivers are more likely to engage 
in risky driving behavior (e.g., speeding) than young female drivers and generally, men 
are more likely to speed across all driver age groups (14). Also, studies on impaired 
driving, especially drunk driving, conclude that age is a significant determinant of 









The socioeconomic characteristics of driver households, such as income, 
educational attainment, and poverty level have been supported by research to have a high 
correlation with fatal crash rates. Specifically, socioeconomic analysis in southeastern US 
states find that drivers living in areas with low household income are more likely to be 
involved in single-vehicle crashes (12), and vehicle crash fatality rates are much higher in 
lower income areas than in more affluent areas (18). Also, a neighborhood income study 
by Oliver et al. in Canada concluded that child occupants (0-19 years) in vehicle crashes 
in lower income neighborhoods had a higher hospitalization rate than their cohorts in 
higher income neighborhoods (19). A spatial analysis of fatal and injury crashes in 
Pennsylvania also showed that most socioeconomic variables, including poverty levels, 
were significant in analyzing crashes. Counties with a higher percentage of the 
population living under the poverty level were found to have a significantly increased 
crash risk (20). The correlation between high poverty levels or high deprivation is again 
corroborated in a study in the former Lothian region in Scotland and a study of wards 
(electoral zones) in the United Kingdom. These studies found that area deprivation 
(poverty level) has a positive relationship with total crashes, and therefore, that fatal 
crash rates in the zones classified as relatively deprived were significantly higher than 






Analysis of six years (2005-2011) of FARS data by NHTSA in 2013 showed that 
comparatively drivers of older vehicles were more likely to be fatality injured in a crash 
than drivers of newer vehicles (22). To be specific, when compared to drivers of vehicles 
3 years or less, drivers of vehicles 4-7 years, 8-11 years, 12-14 years, 15-17 years and 
more than 17 years are 10%, 19%, 32%, 50% and 71% more likely to be fatally injured 
respectively (22). A study in Australia by Anderson and Searson that analyzed crash 
periods from 2003 to 2010 found that there was a significant decline in the risk of being 
fatally injured in vehicles built after 1996 (23). A study on adult front seat occupants of 
vehicles involved in crashes by the National Study Center for Trauma at the University of 
Maryland concluded that the risk of mortality was higher in occupants of older vehicles 
(24). This supports the trends found in the NHTSA investigation where the likelihood of 
fatal injury increases with increasing vehicle age. 
 
 
Safety Belt Usage 
Trends and statistics on safety belt usage in fatal crashes from the National 
Highway Traffic Safety Administration (NHTSA) show that the use of safety belts saves 
lives. Lap and shoulder belts have been found to reduce fatalities and severe injuries of 
front seat passengers in motor vehicles by 45% and 50% respectively (25). This reduction 
is even higher in belted occupants in light trucks where there is effective reduction in 
fatalities by 60% and severe injury by 65% (25).  According to the Fatal Analysis 





fatal passenger car crashes survived, while only 34% of unbelted occupants survived. 
Overall, 71% of occupants used safety belts, and 84% of the survivors were belted. The 
Insurance Institute of Highway Safety (IIHS) reported that in 2013, safety belts saved an 
estimated 12,584 lives. However, 15 states still do not have primary seatbelt law 
enforcement, and the State of New Hampshire does not have a safety belt law passed.   
Research by the National Cooperative Highway Research Program (NCRHP) on 
the impact of safety belt legislation reported a median increase of 32% in safety belt 
usage for states with primary safety belt law enforcement before 1993 with a 7% to 9% 
reduction in fatalities (26). Also, states that upgraded from secondary to primary safety 
belt law enforcement since 1993 saw a 13% to 16 % increase in safety belt usage and a 
7% to 8% decline in fatalities (26). Earlier research by Houston et al in 2005 and Durbin 
et al in 2007 support the NCHRP conclusions that primary safety belt laws are more 
effective at increasing safety belt usage and reducing fatalities than secondary 
enforcement (27, 28).  
Over the years, seatbelt usage statistics from national transportation safety 
organizations, such as NHTSA, as well as from several other research findings, show low 
seat belt usage among males, teenagers, African-Americans, drivers of pick-up trucks, 
drivers with low educational attainment, obese drivers, heavy commercial vehicle drivers 









“The human brain really does not multi-task but sequentially tasks for two 
cognitively demanding tasks” - National Safety Council (NSC). Findings from research 
on the phenomenon of multi-tasking by the NSC suggest that drivers put themselves and 
everyone at risk by performing another task while driving. Statistics on crashes and 
fatalities potentially caused by distraction support this.  In 2013, 3,154 people were 
killed, and approximately 424,000 people were injured in motor vehicle crashes in the U. 
S. due to distraction (34). Over 90% of motor vehicle crashes involve driver error (7) 
with distraction being one of the major contributing factors. In 2012, South Carolina 
recorded over 8,400 crashes due to distractions, making up 8% of total crashes (SCDPS).  
Several definitions of driver distraction exist. One of which is “the diversion of 
attention from activities critical for safe driving towards a competing activity” (35, 36). 
According to the American Automobile Association (AAA), there are several cognitive 
distraction levels. The list from the lowest cognitive distracting task to the highest is as 
follows: driving alone, adjusting the radio or temperature, listening to messages (using 
hands-free), navigating simple menus, listening and composing messages (using hands-
free), navigating complex menus (using hands-free), and Apple’s Siri. Other forms of 
distraction documented over the years are: listening to music, sending and receiving text 
via hand-held, reaching for an object other than cell phone, conversations with a 
passenger, being fixated on roadside objects, grooming/make-up, eating and drinking, 
just to mention a few. A study by Young et al that compared the types of errors (action, 





by distracted and undistracted drivers concluded that distraction does not necessarily 
cause drivers to make different types of errors (37). Rather, distraction causes drivers to 
increase the frequency at which typical errors are made compared to driving undistracted 
(37). 
In recent years, cell phone use (hand-held, hands-free and texting) has been 
investigated as a major cognitive distracting task. A study by Harbluk et al on the 
distraction caused by cell phone use showed that drivers reduced or abandoned their 
visual monitoring tasks for mirrors and instruments and increased their braking reaction 
times leading to hard braking when performing difficult cognitive tasks, such as math 
(38). Although hands-free devices were used to avoid distraction due to the manual 
operation of the cell phone, increasing distraction due to the increasing difficulty of 
cognitive tasks was still present. Other studies by Horrey and Wickens and many more 
researchers support the conclusion that hands-free cell phone use and cell phone use in 
general causes distraction and worsens driving performance (39-44). Some of these 
studies also conclude that the distraction caused by using hands-free devices was not 
significantly different from the distraction when using hand-held cell phones (39, 40) 
On the other hand, texting while driving has been found to increase distraction 
and risk of being involved in a crash significantly compared to just talking on a cell 
phone. The National Safety Council (NSC) reports the associated risk involved in texting 
while driving is 2-6 times higher than talking on a cell phone. Texting takes the driver’s 
attention of the roadway longer than most distractions thus significantly reducing driving 





while driving is more prevalent in younger drivers (46-48). In 2010, Atchley et al 
conducted a study of 348 young drivers’ texting practices while driving in Kansas. The 
study found that out of the surveyed participants, most young drivers (92%) reported 
reading a text while driving (49). Fewer respondents (81%) reported responding to a text 
message, while 70% reported initiating a text message conversation while driving (49). 
The National Highway Traffic Safety Administration (NHTSA) statistics for 2013 
shows that 10% of distracted drivers involved in crashes were teens (34), although teens 
made up only 4.5% of licensed drivers (50). This was the highest percentage of any age 
group. However, the NSC suggests that there is significant under-reporting of distracted 
driving cases which implies that the overall percentage of distraction-related crashes for 
teens could be significantly higher than reported. Self-reported surveys in 2010 showed 
that one-fifth to one-third of young adults text while driving (51). 
 
Impaired Driving 
Driving under the influence of alcohol or drugs reduces driving performance. 
Impaired drivers have higher reaction times, increased number of lane deviations, and 
degraded driving precision (52, 53). Also, driving impaired not only increases the risk of 
being in a crash, it increases the risk of being in a severe or fatal crash (54). In 2013, 31% 
(10,076 fatalities) of traffic fatalities involved an alcohol impaired driver or a driver 
driving under the influence (DUI) of alcohol with a blood alcohol concentration (BAC) 
of 0.08 or higher. Over 76% of these crashes occurred between 6:00 PM and 6:00 AM 





recent years, the percentage as part of total fatal crashes in the U.S has not changed in 
almost two decades (55). South Carolina had the highest percentage of alcohol impaired 
fatal crashes in the U.S in 2013 with a percentage of 44% of fatal crashes within the state 
(55). Statistics from the Fatal Analysis Reporting System (FARS) maintained by NHSTA 
as well as research on crashes where drivers were under the influence of alcohol or drugs 
show an overrepresentation of male drivers (17, 56) and young drivers in the United 
States. In 2013 FARS recorded over 7,400 male DUI drivers with BAC 0.08 or higher 
compared to just over 1,700 female drivers. Also, drivers 30 and under accounted for 
42% of DUI driver fatalities with BAC 0.08 or higher.  
 
Impaired Driving: Teens 
In 2013, drivers aged 16-20 contributed just over 7% to all alcohol impaired 
driving (55). While this might seem like a small percentage bear in mind that about 6% of 
licensed drivers in the country are in that same age bracket (50). This suggests a 
relatively higher risk ratio for younger drivers as shown in a study by Voas et al (57). 
Fatalities of DUI drivers under 20 years should be a major concern because a majority, if 
not all drivers in this age group are under the legal drinking age, which is 21 in almost all 
the states. Therefore, the age group should have little to no alcohol impaired teenage 
driver fatal crashes. Keeping the focus on teen drivers, a study by Walker et al as well as 
other studies on alcohol involving the driving of adolescents showed that driving after 
drinking was more likely in older adolescents, male drivers, and Hispanic drivers (58, 





drinking (58, 59). In addition, teenagers who rode with a drunk driver before licensure 
are most likely to drive under the influence of alcohol after licensure according to a study 
by Li et al in Maryland (60). Drinking and driving increase the chance of a teen or young 
driver being involved in a crash more than an adult since teens are inexperienced drivers 
(57, 61, 62) and have a lack experience when it comes to the effects of alcohol 
consumption (62). A study by Emily et al had similar conclusions, not necessarily for 
teenagers but for drivers who were assessed to have poor driving performance in 
simulation scenarios. Emily’s study concluded that drivers who performed poorly in the 
scenarios while unimpaired, that is with low driving precision and high lane deviation 
rates, were more impaired in response to alcohol (52). 
 
Impaired Driving: Legislation and Enforcement 
The Insurance Institute of Highway Safety (IIHS) estimates that in 2013 almost 
7,000 fatalities in the US could have been prevented if alcohol-impaired drivers with a 
BAC of 0.08 or more were prevented from driving. This shows that there are significant 
gains to be gotten from curbing the practice of drunk driving. The efforts by states in the 
U.S and other parts of the world to prevent drunk driving have taken many forms. States 
have employed a combination of legislative action, enforcement of DUI laws, sanctioning 
of DUI offenders, and media awareness campaigns to reduce fatalities and overall DUI 
crashes. The first step most states took was to reduce the legal BAC limit from 0.1 to 
0.08. Over the years studies have shown that a reduction in the BAC legal limit from 0.1 





progression of DUI laws in 28 states from 1976 to 2002 by Wagenaar et al concludes that 
an estimated 360 DUI driver fatalities are prevented in the U.S each year due to the 
reduced BAC legal limit from 0.1 to 0.08. Also, Wagenaar’s study suggests that over 500 
fatalities could be prevented each year if the legal BAC limit in the U.S was to be 
reduced from 0.08 to 0.05(63). Other studies conclude that critical driving skills 
significantly deteriorate at a BAC of 0.05 and that a reduction of the BAC legal limit to 
0.05 could lead to a reduction of DUI driver fatalities of 6%-18% (64). 
With regard to enforcement of DUI laws, research by Fell et al concluded that 
while the number of sobriety checks in an area did not show a correlation to DUI crashes, 
a 10% increase in the DUI arrest rate yielded 1% reduction in the DUI crash rate (66). 
The installation of ignition interlock systems in vehicles of DUI offenders has been 
shown to reduce the likelihood of having repeat DUI offenders during the period where 
the interlock is being used (67). However, once the interlock system is uninstalled, the 
probability of drivers’ being involved in another DUI crash increases close to initial risk 
levels (67). Mass media awareness campaigns on the dangers of impaired driving have 
been found to be effective in contributing to the reduction of DUI crashes when coupled 
with adequate and effective enforcement (68). 
 
Impaired Driving: Repeat Offenders 
Although states and cities in the U.S. have been making a valiant effort to clamp 
down on alcohol-impaired driving, there are several repeat DUI drivers involved in 





shows an average of over 70 repeat DUI drivers per year and a total of over 950 repeat 
DUI drivers over the six year period. Rehabilitation programs run for repeat DUI 
offenders have been found to be effective (69). Specifically, evaluation of a four month 
outpatient treatment program by Moore et al found a 13% relapse rate for graduates of 
the program (69). Studies in the late 1990s and early 2000s concluded that DUI repeat 
offenders in the U.S were most likely to be Caucasian or Hispanic unmarried males (70-
72). Also, repeat DUI offenders had a lower educational attainment and household 
income than first-time DUI offenders (70, 72). According to a study by Fu, drivers aged 
between 25 and 45 had the highest exposure to drinking and driving and, therefore, had 
the highest number of DUI offenders and repeat offenders (71, 72). Within this group, the 
35-44 age group had the highest contribution to repeat DUI crashes (71). Additionally, 
pick-up truck drivers were more likely be repeat DUI offenders than drivers of other 
vehicles types. This suggests that rural areas within the U.S. would have a larger 
proportion of repeat DUI crashes since there is a prevalence of pick-up trucks in rural 
areas and not in urban areas. 
One notable DUI repeat offenders’ program is South Dakota’s ‘24/7 Sobriety’ 
program. This program started in the 1980s in a single county, but it was not until 2005 
that an official statewide pilot was established in 3 counties (73). By 2006, 12 counties 
were already participating in the program (73). As of 2016, 61 out of the 66 South Dakota 
counties have the program in place. Repeat DUI offenders are the targeted population for 
this program. The main goal of the program is to keep repeat DUI offenders sober 24 





Originally purposed for repeat DUI offenders, the target population has been expanded to 
first-time DUI offenders in recent years. As of January 2016, there had been 39,999 
participants with about 8.4 million administered tests and a 99% pass rate (74). The 
program has been found to have reduced repeat DUI arrest by 12% (75) and possibly 
reduced repeat DUI crashes as well. However, an evaluation of the study did not show 
any significant impact on first-time DUI arrests (75). 
Although the literature shows the individual effectiveness of implemented 
programs, enforcement, and legislation over the years in reducing DUI crashes, it is fair 
to say that most of these gains in safety with regard to DUI crashes were due to a 
combination of these measures. Moving forward, the approach to tackle DUI crashes and 
offenders should be a combination of all the reviewed approaches (legislation, 
enforcement, sanctions, and mass media campaigns) where feasible. 
 
Speeding 
When a driver is driving faster than the posted speed limit (excess speed) or 
driving too fast for prevailing roadway conditions (inappropriate speed), that driver is 
said to be speeding (76). Speeding influences both crash risk (frequency) and crash 
severity (76).  According to the world report on road traffic injury prevention, the 
probabilities of injury, serious injury, and fatalities in vehicle crashes are exponentially 
(2nd, 3rd, and 4th power respectively) related to speed. These proportions are even higher 
when a vulnerable road user such as a pedestrian is involved (76). The likelihood of an 





an impact speed of 20 miles/hour. Also, there is a 50% chance of survival for pedestrians 
involved in crashes where the vehicle was traveling at 45 km/h (28 m/h) but a 90% 
chance of survival if the vehicle was travelling at 30 km/h (19 m/h) (76). 
According to the Insurance Institute of Highway Safety (IIHS), speed-related 
crashes contributed to 29% of all motor vehicle fatalities in 2013. Also, speeding was a 
probable cause of fatal crashes for 35% of young (15-24) male drivers involved in fatal 
crashes. Research has shown that younger drivers, typically drivers under the age of 30, 
have a tendency to speed more than older drivers (77-79). Within the young driver group, 
male teenagers from high income households are researched to be the worst culprits when 
it comes to speeding (77, 79, 80).  
This literature review showed the effects of demographic, socioeconomic, vehicle 
characteristics, seatbelt usage, distraction, impaired driving, and speeding on the 
incidence of vehicle crashes, crash severity, and traffic fatalities. Many of the studies 
used statistical models, such as negative binomial models, multiple and multivariate 
logistic regression models, and odds ratio. However, only a few studies reviewed used the 
spatial analysis capabilities of geographic information systems (GIS) in their analyses. 
Noland et al used GIS spatial analysis at the ward level of geography, which is relatively 
coarse (21). None of the literature reviewed used residential location data of drivers. 
Thus, to the best of our knowledge, this paper pioneers safety research at a census block 






METHODS AND DATA SOURCES 
The residential locations of drivers who contributed to fatal and injury crashes (at-
risk drivers) from 2007 to 2012 were compiled using a combination of the South Carolina 
Department of Transportation (SCDOT) crash database and the South Carolina 
Department of Motor Vehicles (SCDMV) driver’s license database.  Driver information 
was aggregated to census block groups and one square mile grids for macro and micro 
level analysis respectively. To aid in identifying subpopulations within the state with the 
greatest potential for safety program impacts, socioeconomic and demographic data for 
the block groups was obtained from the 2010 Census data for South Carolina and 
compiled with the at-risk driver data.  The following sections discuss the data acquisition 
and processing of these sources. 
 
Residential Nine-Digit Zip Code Data for Drivers Contributing to Crashes 
To research the socioeconomic characteristics of drivers who contributed to fatal 
and injury crashes (at-risk drivers) in South Carolina, driver residential locations at a fine 
geographic scale had to be acquired. South Carolina crash data includes a vehicle file that 
identifies all drivers involved in crashes by drivers’ license number.  A list of drivers’ 
license numbers of drivers involved in crashes from 2007 to 2012 was extracted from the 
vehicle file obtained from the SCDOT and provided to the SCDMV to procure the 
residential locations of drivers. Duplicate license numbers caused by involvement in 
multiple crashes over the 6 year period were removed from the list; however, multiple 





request for 9-digit zip codes was made rather than actual home addresses.  The resolution 
of 9-digit driver residence zip code data is finer than the respective census block group 
data that was obtained with associated socio-economic and demographic data. The 
resultant encrypted list of 9-digit zip codes provided by the SCDMV was decoded and 
preprocessed.   Figure 2 shows a sample of the drivers’ license list and zip code data 
received from SCDMV. There were 804,171 license numbers provided to SCDMV and 
804,171 records were returned. Out of this number, 781,788 (over 97%) records returned 
9-digit zips. The difference included 13,203 (1.6%) records with no zip codes (e.g., arrow 
A in Figure 2), and 9,117 (1.1%) records with 5-digit zip codes (e.g., arrow B in Figure 
2). Additionally, 60 records had zip codes between 5-9 digits and 3 records were 
erroneous.   
The procured driver 9-digit zip codes were batch geocoded using ArcGIS World 
Geocoding Services online. Only records with the full 9-digit zip code (781,788 records) 
were geocoded to maintain a consistent level of accuracy for analysis. Figure 2 shows the 
geocoded 9-digit zip code locations for the whole state and a blow up at the street 
network level.  Note that 9-digit zip code locations always fall on a street at a location 
that represents the centroid of the 9-digit zip boundary. To create a unique relationship 
between a driver and a crash, relational database joins were created between the SCDOT 
crash database files and the driver 9-digit zip codes acquired from the SCDMV in 
Microsoft Access. This combined dataset captured at-risk drivers that were involved in 
more than one crash within the given year and/or across years. Table 1 shows summary 





any given year could not be used for the analysis due to unavailable zip codes for out of 
state drivers (10% - 19.8%), missing drivers’ state information (0% - 10.6%), and 
licenses that did not have a match in the SCDMV license database (0.6% - 1.8%).  
Detailed crash statistics on South Carolina drivers from 2007 to 2012 can be seen in 
Appendix A. 
 
Figure 2: Nine-Digit Zip Codes: Spreadsheet Data (Left) & Geocoded Data (Right) 






Census Block Group Boundaries and Associated Socioeconomic and Demographic 
Data 
 
Census data is aggregated at different levels of geography.  The smallest level of 
aggregation is the census block which includes only demographic attributes that are 
collected from all households during the decennial census. A block is so small that its 
boundaries usually never cross even local roads.   The next level of aggregation is the 
block group.  This is the smallest level of aggregation that includes data with detailed 
demographic and socioeconomic information.  There are, on average, 39 blocks in a 
block group, and there are usually a cluster of block groups in a census tract 
(www.census.gov).  The level of aggregation that was chosen for this analysis was the 
census block group because of the available socioeconomic and demographic attributes at 
that level of geography.  Census block group level analysis of crash incidence as well as 
the socioeconomic and demographic relationships and trends in residential locations of 
at-risk drivers was completed for 6 years (2007-2012) of data. 
To perform block group analysis, Census block group GIS shape files containing 
3,054 block groups for South Carolina were obtained from the US Census Bureau. Note 
that block group area sizes are not equal.  Block groups areas are derived such that 
population is relatively evenly distributed across the block groups; thus, higher 
population density block group areas tend to be small, and lower population density block 
group areas are typically large. Demographic and socio-economic data by block group 
was retrieved from the Census Bureau and the National Historical Geographic 





demographic and socio-economic data obtained was: Population, Median Household 
(HH) Income, Poverty Level, Educational Attainment, Age and Race/Ethnicity, Vehicles 
Available, and Vehicle Age. These attributes were chosen based on the findings from the 
review of literature as well as their relevance to the field of transportation safety. Another 
attribute aggregated by block group was the number of total crashes (fatal, injury, and 
property damage only crashes) in which all crash-involved drivers from the block group 
(both contributing and not contributing to the crash) were included. A total of 554,682 
crashes, of which 158,388 involved fatalities and/or injuries, were aggregated. 
 
ANALYSIS AND RESULTS 
Three data analysis steps were conducted on the data compiled at the census block group.  
The first step used the frequency of at-risk drivers per 1000 driving population residing in 
the block group to classify each block group into one of three levels of risk (high, 
medium, and low) to identify spatial trends.  The second level of analysis incorporated 
spatial statistics to identify significant clusters or groupings of census blocks in the three 
classifications. The third analysis technique built upon the clusters and associated 
demographic data to assess odds and risk ratios across at-risk driver age groups as 
compared to drivers who did not contribute to fatal and injury classes and between 
clusters.  Lastly, a statewide grid aggregation was done to add to the analysis done with 







Spatial Block Group Analysis 
The first analysis step was to assign each block group with a designation of high, 
medium, or low risk based on the number of at-risk drivers per 1000 driving population. 
Single-vehicle crash drivers and drivers in multi-vehicle crashes that were identified in 
the crash report as having contributed to a fatal and/or injury crash (at-risk drivers) were 
segregated from drivers who were not reported as having contributed to the crash.  The 
at-risk drivers were then aggregated to block group boundaries using a spatial join 
(overlay) procedure in ArcGIS. A total of 143,497 at-risk drivers were aggregated to 
block groups. These at-risk drivers were involved in 133,376 crashes. The number of 
drivers is greater than the number of crashes because some crashes had more than one 
driver contributing to the crash. Statistics of people older than age 15 from the census 
demographic data were used as the driving population.  
Block groups were classified as low-risk (Below 5.5 At-Risk Drivers per 1000 
Driving Population), medium-risk (5.5 – 8) and high-risk (Above 8) using Jenks natural 
breaks optimization generated by ArcGIS. Figure 3 shows a thematic map of the block 
groups color coded into 3 classes. Natural break classes are based on natural groupings 
inherent in the data that best group similar values and that maximize differences between 
classes (81).  From Figure 3, notice that the larger urban areas in Greenville, Lexington, 
Richland, and Charleston counties have a mix of both high and low risk classifications 
intermingled with one another, whereas the more rural counties are more uniform.  
Summary descriptive statistics based on the initial classification of block groups into low, 






Figure 3: Block Group Risk Classifications by Frequency of At-Risk Drivers per 
1000 Driving Population. 
The summary demographic and socio-economic statistics for the three risk 
classifications (see Table 2) show a reduction in average median household income from 
over $52,000 to about $37,000 moving from low risk to the high risk groups. Following 
the trend of reduced income and higher risk, there are greater levels of people living in 
poverty (over 20%) in the high risk grouping. These trends are consistent with other 
research showing that vehicle crash fatalities are higher in low income areas (12, 18-21). 
Many of the earlier research findings are based on the demographic characteristics of the 
actual crash locations rather than the true demographics of the driver or demographics of 





Table 2 - Block Group (BG) Summary Statistics of Demographic and Socioeconomic 
Characteristics for 3 Risk Classifications of At-Risk Drivers per 1000 Driving Pop 
 
*These crashes are fatal and injury crashes involving drivers from the respective block groups of the 3 risk classifications 
**These crashes are total crashes involving drivers from the respective block groups of the 3 risk classifications  
The educational attainment categories also showed some noticeable trends. 
Whereas the percentage of residents with college degrees decreased from low risk groups 
(27.3%) to high risk groups (14%), the percentage of people without a high school 
diploma or with at most a high school diploma increased from low risk groups to high 
risk groups. Another noticeable trend from low risk groups to high risk groups was the 
reduction in the percentage of white population and increase in the percentage of black 
population. While not a large proportion of the overall population, the percentages of 
Hispanic and Asian populations tended to be slightly higher in low risk groups. Also, the 





groups. This trend supports the median household income trend, since drivers in more 
affluent areas are more likely to afford newer vehicles. Finally, the number of total 
crashes per driving population and fatal and injury crashes per population also increase 
from low to high risk classifications. This suggests that drivers could possibly be 
involved in crashes closer to home. This theory is explored in detail in Chapter Four 
(Paper III). 
The initial block group classifications provided useful insight into the socio-
demographic trends across the three risk levels.  However, the block group analysis did 
not show clear spatial patterns of concentrations of at-risk drivers. Clustering of block 
groups with high numbers of at-risk drivers was not evident, and at-risk driver groupings 
were sporadic and discontinuous. In the next section, results are provided for a cluster 
analysis that was performed to better identify clusters of block groups with a high 
concentration of at-risk drivers. 
Cluster Analysis 
To further investigate the relationship between at-risk drivers and the socio-economic 
and demographic characteristics of the residential locations of these drivers, a cluster 
analysis was conducted using the ‘Hot Spot Analysis’ tool in ArcGIS. This tool is used to 
perform cluster analysis of a variable or attribute in a dataset. The analysis identifies and 
groups statistically significant high values (hot clusters – in red) and statistically 
significant low values (cold clusters – in blue). Unlike the prior spatial coding of block 
groups by risk classification, cluster analysis helps to eliminate bias towards smaller 





per 1000 driving population. A statewide cluster analysis of the following variables was 
done:  
 At-risk drivers per 1000 driving population (2007 – 2012) 
 Average median household income  
 Percent of the population living in poverty 
 Fatal and injury crashes per 1000 driving population (2007 – 2012) 
 Crashes per 1000 driving population (2007 – 2012) 
 Educational attainment – Population with at least a college diploma 
 Educational attainment – Population with a high school diploma only 
 Educational attainment – Population without a high school diploma 
 Population – Black/African American 
 Population – White/Caucasian 
 Population – Hispanic 
 Population – Asian 
 Average vehicle age  
 Vehicles per household 
 Drivers involved in multiple crashes (2007 – 2012) 
 At-risk distracted drivers (2007 – 2012) 
 At-risk distracted drivers per 1000 driving population (2007 – 2012) 
 At-risk DUI drivers (2007 – 2012) 
 At-risk DUI drivers per 1000 driving population (2007 – 2012) 
 At-risk speeding drivers (2007 – 2012) 
 At-risk speeding drivers per 1000 driving population (2007 – 2012) 
 At-risk unbelted drivers (2007 – 2012) 






The variables, ‘at-risk drivers per 1000 driving population’ (Figure 4) and ‘average 
median household income’ (Figure 5), showed the most significant clustering patterns 
with the most evident spatial correlation. Refer to Appendix B for the cluster analysis 
maps for all variables investigated. The summary descriptive statistics based on ‘at-risk 
drivers per 1000 driving population,’ for cold and hot cluster groupings are shown in 
Table 3. The results of the cluster analysis (Figure 4 and 5) show spatial patterns and 
distributions of at-risk drivers and median household incomes that are more evident than 
those shown in the initial block group classifications.   
Table 3 - Demographic and Socioeconomic Characteristics for Clustered Block 
Groups by At-Risk Drivers per 1000 Driving Population 
 
*These crashes are fatal and injury crashes involving drivers from the respective block groups of the 3 risk classifications 







Figure 4: Significant Clusters of At-Risk Drivers per 1000 Driving Population. 
 (Hot = High Risk, Cold = Low Risk) 
 
  
Figure 5: Significant Clusters of Average Median Household Income. 





The cluster analysis of at-risk drivers shown in Figure 4 produced more profound 
groupings of block groups that had relatively high numbers of at-risk drivers (hot) and 
groupings of block groups with low numbers of at-risk drivers (cold). The cluster analysis 
results support the trends identified in the block group analysis except for a few areas 
within the state.  
For example cluster analysis results (Figure 4 and Figure 5) for Allendale do not 
support the trend of increasing rate of at-risk drivers with decreasing median household 
income. Clusters in areas like Allendale that do not follow the prevalent trends could be 
investigated further by conducting a comparative case study. In the case study, two areas 
(one being the study area and the other the control) with similar demographics and built 
environments but having opposite trends from the cluster analysis would be compared.  
Identifying risk significance by geographic areas will allow decision makers to 
optimally plan for safety countermeasure implementations and investments – particularly 
those focused toward human behavior.  
 
County Rankings 
Adding to the block group and cluster analysis, 3 rankings of counties were 
created. The first ranking in Table 4 shows ranked counties based on at-risk drivers per 
1000 driving population. The second and third rankings ordered counties by aggregated 
hot clusters and cold clusters of at-risk drivers respectively. The ranking by hot and cold 
clusters was done to better identify counties with areas that have a high concentration of 





respectively. These two tables also include the county ranking from Table 4 (T4 Rank) to 
highlight the difference in ranking schemes. Although most of the top 15 and bottom 15 
ranked counties by at-risk drivers per 1000 driving population were in top 15 ranked 
counties by hot and cold clusters, the ranking order was different from the two cluster 
(hot and cold) rankings. The cluster rankings helped to better prioritize the counties by 
the high/low concentration of at risk drivers and not just the average at-risk driver rate for 
the county.  




The county ranking of the percentage of the population living in hot clusters 
(Table 5) could serve as an initial screening of counties for safety analysis. The highest 






Table 5 - Ranking of Counties by Population Percent in Hot Driver Cluster Block 
Groups 
 
 *T4 Rank – County ranking by at-risk drivers per 1000 driving population  
 
Table 6 - Ranking of Counties by Population Percent in Cold Driver Cluster Block 
Groups 
 





The counties ranked highest in the county ranking for cold clusters in Table 6 
could be further investigated to find out why these counties have little to no drivers 
involved in fatal or injury crashes and if these findings could help improve transportation 
safety in areas with high clusters of at-risk drivers. 
 
Outlier Analysis 
The block group, cluster and county analysis served as valuable tools for macro 
level analyses in safety planning. However, micro level analysis is required in many 
instances especially where specific areas and possibly neighborhoods need to be targeted 
for safety program implementation. The initial micro level investigation into at-risk 
driver residential areas was done using outlier analysis in ArcGIS. Similar to cluster 
analysis, outlier analysis on a variable identifies and groups statistically significant high 
values (in light red), statistically significant low values (in light blue). In addition to the 
similarities to cluster analysis, outlier analysis identifies and groups statistically 
significant high outliers - that is a high value surrounded by low values (in red) and 
statistically significant low outliers – that is a low value surrounded by high values (in 
blue). The at-risk driver per 1000 driving population variable was used in the outlier 
analysis and the results are shown in Figure 6. 
The outlier analysis identified block groups within the state that our statistically 
different from their surrounding block groups when considering at-risk drivers per 1000 
driving population. Block groups with a high rate surrounded by low rates could be 





outlier analysis of specific contributing factors like distraction or speeding. Also, a closer 
look at block groups with low rates surrounded by high rates could be helpful in 
determining characteristics of areas with low at-risk driver rates. Outlier analysis for 
specific contributing factors (DUI, Speeding and Distraction) for drivers involved in 
crashes are shown in Appendix C. 
 
 








Grid Cell (Fishnet) Analysis 
The block group analysis, cluster and outlier analysis in combination with the 
country rankings highlighted areas within the state where at-risk drivers live and where 
transportation safety programs could potentially be implemented. However, some areas 
could still be relatively large if safety programs needed to be focused in certain 
neighborhoods. To assist with a more micro-level analysis, a statewide gridded approach 
was used. 
In this approach, the state boundary was infilled with a grid with a single grid cell 
dimension of one mile by one mile. The grid was created using the ‘create fishnet’ tool in 
ArcGIS. Similar to the cluster analysis, the one square mile grid analysis eliminates the 
bias associated with smaller areas when aggregating crashes or drivers by block groups. 
Therefore, a true aggregation by square mile was obtained and a micro-level analysis at a 
consistent geographic scale was done. This analysis aggregated crashes and drivers 
involved in crashes, first for fatal and injury crashes and then for specific contributing 
factors, as well as the following additional categories:  
 Speed related – Both crash and driver residential location 
 Distraction – Both crash and driver residential location 
 Driving under the influence (DUI) – Both crash and driver residential location 
 Unbelted – Both crash and driver residential location 
 Young driver fatal or injury – Both crash and driver residential location 
 Repeat speed related crashes – Driver residential location only 
 Repeat distraction related crashes – Driver residential location only 
 Repeat DUI related crashes – Driver residential location only 





Normalizing the aggregated driver groups by the driving population was 
considered.  Census block populations were aggregation to the 1 square mile grid 
however, the normalization produced biased rates in most areas with smaller 
denominators. Therefore, the total numbers of driver groups aggregated to each square 
mile grid cell was deemed the most effective approach to highlight areas of concern. 
Contrary to the driver aggregation, the aggregated crashes were normalized by the sum of 
highway miles in the grid cell for all the crash types. 
Figure 7 shows a gridded map of drivers involved in fatal and injury crashes.  
 





To demonstrate the benefit of using the gridded analysis, a zoom in of grid cells 
with a relatively high number of drivers involved in crashes in Anderson, South Carolina 
is shown in Figure 8. Although the actual driver locations are not shown in the zoomed 
view in Figure 8 due to privacy issues and concerns, the red grid cells clearly show the 
areas to be considered for safety program implementation. Therefore, the driver 
residential location aggregation to one mile grid cells will enable state officials, policy 
makers, transportation professionals, and leaders in local jurisdictions to be well 
informed of areas to direct specific safety programs like DUI, safety belt, or young driver 
programs. 
 






The complete set of gridded maps created is shown in Appendix D.  The one 
square mile grid could serve as a neighborhood analysis to some extent, although 
neighborhood sizes vary, and are typically smaller than a square mile. Also, there are 
other factors that go into creating neighborhoods, not to mention the varying definitions 
of what a neighborhood is. Overall, the subdivisions or developments that fall within a 
square mile grid would be the areas to concentrate efforts when embarking on safety 
campaigns or running safety programs. 
To add to the driver location aggregation, the crash location aggregation will 
assist local jurisdictions to identify troubled locations within their area, therefore enabling 
these jurisdictions to embark on more strategic and targeted enforcement efforts. For 
example, grid cells with high speed-related crashes per highway mile could be targeted 
for speed enforcement. The primary and secondary routes within those grid cells could be 
identified by overlaying those routes with the grid cell. The example in Figure 9 shows a 
zoomed-in view of Clemson, South Carolina with a red grid cell showing an area of US 
Highway 123 (from Clemson towards Seneca) with high speeding-related crashes. Also, 
a good knowledge of the area by local law enforcement and transportation safety 







Figure 9: Grid Aggregation of Speed Crashes – Clemson Zoom. 
 
 
Odds Ratio and Risk Ratio Analysis 
While prior research indicates that age is a predominant demographic factor in 
fatal and injury crashes, the spatial and cluster analysis (Tables 2 and 3) did not reveal 
significant contributions by age group. Table 7 was compiled to determine the percentage 
of at-risk drivers and not at-risk drivers in each age group for the sample of South 
Carolina drivers involved in fatal and injury for which residence location was known. 
The commonly identified age trend is evident in the data. To investigate further, 





The odds ratio is the ratio of the likelihood of an event occurring to the likelihood 
of that event not occurring within the same sample or population. In this analysis the odds 
ratio (Figure 10) was the ratio of the percentage of drivers at-risk in fatal or injury crashes 
in an age group to the percentage of drivers not at-risk in that same age group.  
 
Table 7 - Summary Statistics for Drivers Involved in Fatal and Injury Crashes in 
South Carolina by Contribution (At-Risk) and Age Group  
Category 15-19 20-24 25-34 35-44 45-54 55-64 65 & Above
Total 31,644 37,357 53,113 44,708 41,106 29,930 24,972
At-Risk 21,683 21,667 26,739 20,207 18,121 13,288 13,949
Not At-Risk 9,961 15,690 26,374 24,501 22,985 16,642 11,023
% At-Risk 68.5 58.0 50.3 45.2 44.1 44.4 55.9
% Not At-Risk 31.5 42.0 49.7 54.8 55.9 55.6 44.1  
 
 






The odds ratio analysis indicates that the odds of being at-risk as compared to not 
at-risk were higher for the hot clusters in all age groups except the 45-54 age group. The 
15-19 age group had the highest odds of being at-risk in a fatal or injury crash, followed 
by the 20-24 age group.  The 45-54 age group had the lowest odds of being at fault in a 
crash. These findings corroborate earlier research where young drivers, especially teens, 
had the highest odds of being involved in a crash, with middle aged drivers being the 
least likely group to be involved in a crash (12, 13). However, the findings of this 
research make a more compelling case by further identifying at-risk and not-at-risk 
drivers. 
Second, a statewide ‘risk ratio’ analysis was conducted for at-risk driver age 
groups to find the relative contribution of each age group to the number of at-risk drivers 
in an area. The same analysis was done for the hot and cold cluster groups identified in 
the cluster analysis section and the results are shown in Figure 11.   
A risk ratio is the ratio of the risk of an event occurring in an experimental group 
to the risk of that event occurring in a control group.  In this analysis, the ratio of the 
percentage of at-risk drivers (statewide and in the cluster groups) to the percentage of 
population by age group (statewide and in the cluster groups) represents the risk ratio.  
The risk ratios in Figure 11 clearly show that the at-fault drivers in the 15-19 and 
20-24 age groups contribute to fatal and injury crashes between 70-97 percent more than 













The goal of this research was to identify and analyze the residential locations of 
drivers involved in crashes using spatial and statistical methods. The results of this 
research have shown significant relationships between at-risk driver residential areas and 
highlighted key socioeconomic and demographic characteristics of these drivers.  
Three data analysis steps were conducted on the data compiled at the census block 
group level of geography.  The initial spatial analysis identified significant trends in 
block groups classified by frequency of at-risk drivers per 1000 driving population 
residing in the block group to classify each block group into one of three levels of risk 





 Lower median income,  
 Higher levels of poverty,  
 Lower levels of college graduates, 
 Higher levels of high school dropouts, 
 Higher proportions of black population, 
 Lower proportions of white, Hispanic, and Asian populations, and; 
 Fewer vehicles and older vehicles in a household. 
While the socioeconomic and demographic trends found in the spatial analysis 
were significant, the spatial distributions of block group risk classifications were sporadic 
and discontinuous.  The results of the cluster analysis show spatial patterns and 
distributions of at-risk drivers and median household income that were more evident than 
those shown in the initial block group classifications and also account for bias toward 
smaller denominators (driving populations), particularly in rural areas. The cluster 
analysis, outlier analysis and the one square mile grid analysis highlight areas to be 
targeted for further investigation into what crash contributing factors (for example, 
distraction, speeding, DUI, etc.) could be prevalent in the area. By doing so, specific 
safety programs addressing these prevalent crash contributing factors could be 
implemented – thus optimizing the safety program expenditures to achieve the greatest 
return on investment.  
Finally, the odds and risk ratios painted an even more detailed picture of risks by 
subgroups within the clusters.   The ratio of at-risk drivers to not at-risk drivers in the hot 
and cold clusters indicated that, 15-19 age group had the highest odds of being at-risk in a 





distribution of risk between at-risk and not at-risk groups when compared to the 
population.  Again, the younger age groups had the highest risk of being at-risk, and the 
older age groups had the lowest risk. 
This same analysis framework can also be used to identify areas of interest for 
specific involvement in various factors contributing to fatal/injury crashes or all crashes.  
For instance, drivers could be separated into groups to identify those at-risk in speeding 
or DUI crashes, and the resulting hot and cold clusters and ratios could be calculated.  
With limited resources, it is important to use meaningful data-driven approaches to 
determine where specific safety improvement programs would have the most potential 
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CHAPTER THREE  
PAPER II: Investigation into Teen Driver Crash Involvement in South 
Carolina Public High School Attendance Zones 
 
ABSTRACT 
According to the National Safety Council (NSC), traffic fatalities are the leading 
cause of death in US teens, more than homicide, suicide, and disease combined. In South 
Carolina, 2013 statistics show that 15-19 year olds made up 6% of registered drivers but 
contributed to over 10% of traffic collisions and 8.8% of fatal crashes. In recent years, 
high schools in South Carolina have gotten more involved in educating students on 
transportation safety through programs like ‘Alive at 25,’ which emphasize the dangers 
of distracted and impaired driving. This research therefore, combined spatial analysis 
tools with statistical analysis techniques to identify South Carolina public high school 
attendance zones with an overrepresentation of young drivers involved in fatal and injury 
crashes. 
The residential locations of 31,644 drivers aged 15-19 that had been involved in 
fatal or injury crashes (at-risk young drivers) from 2007 to 2012 were acquired and 
aggregated to 189 public high school attendance zones. High school attendance zones 
were divided equally into 3 classes (Lower [1.0-2.6], Middle [2.6-3.3,] and Upper [3.3-
9.0] Thirds) by the number of at-risk young drivers per 100 students enrolled and 





The regression estimates suggest that public high school zones with high 
graduation rates would have a lower rate of young driver involvement in fatal and injury 
crashes compared to zones with low graduation rates. Also, zones that spend more money 
per student (that is zones with a high poverty index) would likely have more 
representation of at-risk young drivers. Lastly, overall high school enrollment was shown 
to be important in young driver safety since the regression results suggest that zones with 
lower enrollment rates would most likely have more at-risk young drivers. This research 
serves as a potential guide to school districts and individual high schools on what they 
could do to help nurture more responsible and safety-conscious teen drivers.  
 
INTRODUCTION 
According to the National Safety Council (NSC), traffic fatalities are the leading 
cause of death in US teens, more than homicide, suicide, and disease combined. The 
Insurance Institute of Highway Safety (IIHS) analysis in 2013 showed that per mile of 
travel, drivers within the 16-19 age group have a crash rate which is almost 3 times 
higher than drivers aged 20 and above. Also, the NSC reports that in 2009 the 15-19 and 
20-24 age groups made up 4.9 and 8.3 percent of licensed drivers but constituted 12.2 
percent and 15 percent of drivers involved in crashes in the U.S. respectively. Similarly, 
in South Carolina, 2013 statistics show that 15-19 year olds made up 6% of registered 
drivers but contributed to over 10% of traffic collision and 8.8% of fatal crashes (1). 
Research shows that drivers under the age of 30 are the most likely age group to be 





highlights teenage drivers as having the highest odds of being involved in a severe crash 
(4). 
There has been considerable effort nationwide to address the behavior of young 
drivers behind the wheel that could possibly put themselves and others in danger and also 
to address the overall preparedness of teen drivers to take on the driving task. The 
Graduated Drivers’ Licensing (GDL) programs run throughout the nation by the 
department of motor vehicles (DMV) serves as the primary teaching and learning 
platform for teen drivers. Programs like ‘Alive at 25’, run in several states, as well as 
other state specific programs, courses, and measures supplement the nationwide GDL 
program.  
In recent years, high schools have been more involved in educating students on 
transportation safety with emphasis on the dangers of distracted and impaired driving. In 
South Carolina for example, several high schools run the ‘Alive at 25’ program, and for 
majority of these high schools, completion of the ‘Alive at 25’ program has been made a 
prerequisite for obtaining a term parking permit. It would be of value to know how much 
high schools contribute to shaping the driving behaviors of teens. This will serve as a 
guide to school districts and individual high schools on what they are doing right or 
wrong and what they could do to help nurture more responsible and safety-conscious teen 
drivers. This paper therefore, investigates young driver crash involvement within their 
respective public high school districts. This research seeks to identify South Carolina 
public high school attendance zones with an overrepresentation of young drivers involved 






Over the years, extensive research has been done to look into why teenagers and 
young adults under 25 years are disproportionally involved in more crashes, especially 
fatal and injury crashes, than any other age group. This section reviews relevant literature 
on young driver behavior and crash involvement. Sections of this literature review 
overlap the literature review done in ‘Paper I’. Therefore, the literature review in ‘Paper 
I’ will be referred to in this literature. 
Demographic 
The demographic characteristics of teen drivers has been investigated and shown 
to affect young driver safety choices and crash involvement. Federal Highway 
Administration (FHWA) statistics show that male teen drivers are more likely to be 
involved in risky driving behavior like speeding than their female counterparts (4). A 
study by Swedler et al to identify age and gender differences among teen drivers involved 
in fatal crashes also found that male teen drivers involved in fatal crashes are more likely 
to be speeding or driving recklessly than female teen drivers (5). Also, Blood-Alcohol-
Content (BAC) levels of 0.08% or more were likely to be observed for male teen drivers 
than female teens. However, the percent of male and female drivers with BAC levels at 
0.08 or more increased steadily from age 15 to 19 (5).  
 
Safety Belt Usage 
Refer to Seat Belt Usage in ‘Paper I’ for overview [pages 14 – 15] 





Survey System (YRBSS) showed that teenagers were 12% and 15% less likely to use 
safety belts as drivers and as passengers respectively, in states with secondary safety belt 
laws than states with primary safety belt laws (6). Also, African American teens, rural 
residents, pick-up truck drivers, and academically challenged teens reported low safety 
belt use (6).  
A study of safety belt usage by Missouri high school students concluded that male 
students, African-American students, passengers, and students of lower socio-economic 
status are associated with low safety belt usage (7). Another study by Briggs et al on U.S. 
high school students using data from the 2001 and 2003 Youth Risk Behavior Survey 
System (YRBSS) concluded that 59% of student drivers used safety belts but only 42% 
of student passengers used safety belts (8). Also, safety belt usage was lower for males, 
African-Americans, students with poor grades, students who reported to be drinking, and 
students who reported riding with a driver who had drunk alcohol (8). 
 
Distraction 
Refer to Distraction in ‘Paper I’ for overview [pages 16 – 18] 
The National Highway Traffic Safety Administration (NHTSA) statistics for 2013 
show that 10% of distracted drivers involved in crashes were teens (9), although teens 
made up only 4.5% of licensed drivers (10). This was the highest percentage of any age 
group. However, the NSC suggests that there is significant under-reporting of distracted 
driving cases, which implies that the overall percentage of distraction-related crashes for 





Although cell phone usage is the leading source of distractions for teenage 
drivers, another major source of distraction for teenage drivers is teen passengers. 
Teenage drivers are involved in more crashes with a teen passenger in the car (11), 
especially male passengers (12). Supporting this are findings from an earlier study by 
Doherty where 16-19 year olds had crash rates almost twice as high with a passenger than 
without a passenger. Also, crash rates were significantly higher with two or more 
passengers compared to only one passenger (13, 14). A similar study by Lam in 2002 on 
the effect of passengers on young driver behavior also showed that the odds of a young 
driver (under 25 years) being involved in a crash with a passenger (under 25) was twice 
as high as when driving alone. Additionally, the odds were almost 15 times more with 
two or more passengers under 25 (15). Also, in a study by Carter et al on distracted 
driving behavior, 92% of surveyed adolescents reported regularly engaging in distracted 
driving behavior. Cell phone usage was high, with 48% reporting texting and 68% 
reporting voice calls. Overall, adolescents engaged in more distracted driving than their 
parents (16). 
Impaired 
Refer to Impaired Driving: Teens in ‘Paper I’ for overview [pages 18 – 20] 
Another source of impairment for teens is marijuana. Responses from the 
‘monitoring the future’ (MTF) survey of high school seniors in 2011 had over 12% of 
respondents report to have driven after using marijuana or rode in a vehicle with a driver 
who had used marijuana. This percentage is higher than the reported alcohol use before 





school seniors had driven under the influence of alcohol or drugs or had been in a vehicle 
with a driver who was under the influence of alcohol or drugs in the two weeks prior to 
the survey (17). A more localized study of 290 middle school students in Mississippi 
reported that over 45% of respondents had been in a vehicle where the driver was under 
the influence of alcohol. Of more concern, was the 17% that reported driving after 
drinking (18). 
As shown in this section of the literature review, there are varying percentages of 
teenager who use alcohol or marijuana based on the localized nature of some studies and 
the sampling methods in the nationwide surveys. However, the issue of increased risk 
taking in teenagers is undeniable. 
Speeding 
Refer to ‘Speeding’ section in ‘Paper I’ [pages 23 – 24] 
 
Inexperience 
“The first 12 months and the first 1000 miles a teen drives a motor vehicle are 
among the riskiest driving periods of their lives” – Nation Safety Council (NSC). The 
inexperience of teen drivers coupled with the immaturity and recklessness of teenagers 
means that teen drivers will potentially be in more unsafe driving situations than older 
drivers, especially early after licensure.  
In 2008, a study on 16 year old drivers in Connecticut who had been involved in a 
non-fatal crash during the first 8 months of licensure showed that 3 out of 4 respondents 





crashes: failure to detect another vehicle or traffic control, speeding, and losing control of 
vehicle (19). Another study concluded that teen drivers are most likely to be involved in a 
crash or receive a citation within the first 500 miles after receiving their license (20). 
 
Built Environment 
Studies analyzing the results of the 2001 National Household Travel Survey 
(NHTS) suggest that teens living in rural and ‘sprawling’ areas tend to start driving at a 
younger age and drive more miles per day overall than teens in urban or more densely 
built up areas, (21, 22) thus increasing the exposure to potential crashes. Also, teens in 
rural areas reported more driving after drinking or riding with someone who had been 
drinking then teens in urban more dense areas (23) 
 
Notable Youth Transportation Safety Related Programs 
The Youth Risk Behavior Surveillance System (YRBSS) 
The Youth Risk Behavior Surveillance System (YRBSS) was developed in 1990 
by the Centers for Disease Control (CDC) to monitor priority health risk behaviors that 
contribute to the leading causes of death, disability, and social problems among youth 
and adults in the United States (24). The Division of Adolescent and School Health 
(DASH) of the CDC runs the YRBSS through biennially administered surveys (in the 
spring) across the nation of representative samples of 9th through 12th grade students in 





other drug use, inadequate physical activity, behaviors that contribute to violence or 
unintentional injury, among others. 
Under the ‘Behaviors that Contribute to Unintentional Injury’ section of the 
survey, there is an inquiry into transportation safety issues like seat belt usage, drinking 
and driving, being a passenger of a drunk driver, and texting while driving. The responses 
to questions in this section provide invaluable information and specifics on the behavior 
of high school students in particular, not only young drivers.  South Carolina high schools 
have participated in the survey since the pilot in 1991 (24).  
 
The Monitoring the Future (MTF) 
The Monitoring the Future (MTF) study is conducted by the Survey Research 
Center in the Institute of Social Research at the University of Michigan. The study began 
in 1975 with the survey of 12th grade students and expanded to surveying 8th and 10th 
graders as well in 1991.  The survey is conducted annually in the spring and a 
representative sample of students is taken nationwide. Follow up surveys of graduating 
seniors are also conducted. 
 
Graduated Driver’s Licensing Program (GDL) 
The GDL program was developed by NHTSA and the American Association of 
Motor Vehicle Administrators. The program requires the completion of a 3-stage 
criterion before granting young drivers full driver’s license privileges 





 - Young drivers need to go through a qualifying test and can drive only under the 
supervision of an adult in the car (generally someone older than 21 years) for a 
required minimum number of hours before he/she is able to move to the next stage.  
Stage 2: Intermediate (Provisional) License 
 - A driver is granted a license and can drive without any supervision, but under 
restricted conditions like no cellphone usage, limited night time driving, number 
and age group of passengers in the car, etc. These vary from state to state.  
Stage 3: Full Licensure 
- After fulfilling all the requirements, the driver is granted an unrestricted license. 
 
Although discussed for a couple of decades, it was not until 1996 that states began 
adopting GDL components. Florida was the first state to implement a multi-stage GDL 
system in 1996, while other states began with at least one initial core feature (25). As of 
2015, all states and the District of Columbia have the 3 stage system in place, although 
with varying provisions.  
In 2007, a time series evaluation of the effect of GDL programs in 3 states, 
California, Massachusetts and Virginia, showed that there was significant reduction of 
crashes by 15 to 17 year olds. Specifically, there was an average 13%, 21% and 27% 
reduction in 16 year old crash involvement the years after the implementation of the GDL 
programs in California, Massachusetts and Virginia respectively (26).  Studies evaluating 
the GDL program across the country over the years have generally reported reduction in 





well as older teenagers (30). According to the GDL crash reduction calculator from the 
Insurance Institute of highway safety, South Carolina is one of the 10 states that could see 
at least a 45% reduction in fatal crashes for teen drivers with the adoption of the strictest 
GDL provisions. Figure 1 and Figure 2 show the possible reductions for South Carolina. 
 
Figure 1: Top Ten States (In Red) with Highest Reductions in Fatal Crashes with 
the Adoption of Strictest GDL Provisions. 
 
 
Figure 2: South Carolina Reduction in Fatal Crashes and Collision Claims by 





Alive at 25 
South Carolina’s ‘Alive at 25’ program was created in 2007. The program has 
several county sheriff departments, city police departments, and other safety-related 
organizations as partners.  The program mainly has off-duty officers from the partnering 
sheriff and police departments, as well as other safety professionals, teach a four and a 
half hour course on “ the behaviors, decision-making, and risks facing young drivers 
every time they get behind the wheel” (31).  
To date, 109 public high schools run the program either on a mandatory (87 
Schools) or voluntary (22 Schools) basis. A number of high schools within the state have 
made the completion of the ‘Alive at 25’ program a requirement for students to receive a 
term parking pass. Other possible reasons for enrollment in the program by students and 
the general public are: as a pre-trial intervention, a requirement after receiving a speeding 
ticket, as part of an alcohol education program, as part of a juvenile arbitration, traffic 
education or enhance driving skills program. According to the SC ‘Alive at 25’ program 
statistics, the traffic fatalities among 15 to 24 year old drivers have been reduced by 37% 
since 2007.  
The following quote from the former Executive Director of the South Carolina 
National Safety Council embodies the positive influence the program is having on teen 
drivers in the state.  
 
 “The most influential feedback originates from our DDC Alive at 25 students 





educates our young adults in the community, empowering them to make good driving 
decisions and creates a positive connection between law enforcement and the students.”  
Brooke Russell, Executive Director/C.O.O.  
South Carolina National Safety Council 
(Alive at 25, 3rd edition NSC Driver Safety Training) 
 
 
DATA AND METHODOLOGY 
South Carolina public schools have assigned attendance zones, therefore making 
it possible to link demographic characteristics, socio-economic characteristics, as well as 
teenage driver crash statistics to specific high school zones. This association between a 
resident teenager and a high school attendance zone is not present for students attending 
private high schools since there is no geographic assignment of private high schools to 
attendance zones. For this reason, only public high schools were used for the analysis to 
maintain the spatial association or correlation which is essential to this analysis.  
 
High School Database 
There were 189 high schools used in this study. Only high schools that were built 
or opened prior to 2012 were used because the crash data analyzed was from 2007 to 
2012. Pertinent high school data was retrieved from the South Carolina Department of 






Table 1 - List of High School Data for the 2012 Academic Year 
School Name Absolute School Rating 
District Name & ID Poverty Index 
School Address Student Teacher Ratio 
City Dollar Spent Per Student 
County On-Time Graduation Rate 
Urban/Rural Drop Out Rate 
 
The high school data from the SCDE was joined to a shapefile containing the 
point locations of the high schools obtained from the South Carolina Geographic 
Information System (SCGIS). The SCGIS houses a state maintained GIS clearing house 
for publicly accessible GIS data from contributing South Carolina state agencies such as 
the SCDOT and SCDPS. High schools that were not in the original downloaded file were 
geocoded from their street addresses and added to the shapefile. 
 
High School Attendance Zones 
The high school attendance zones were key in associating zonal attributes to 
specific high schools. Unfortunately, many high school attendance zone boundaries 
within the county school districts were not readily available in Geographic Information 
System (GIS) format; however, SCGIS had county school district boundaries. There were 
189 attendance zones, matching the number of public high schools. Out of this number, 6 
zones were readily available in GIS format, and 49 zones were the same as the school 
district zone, since the district had only one public high schoo1. Additionally, 125 zones 





off attendance zone web pages, documents, and PDFs found on school district websites. 
Finally, attendance zones that could not be obtained or found using the above methods 
were created using network analyst in ArcGIS and modified based on enrollment. There 
were 9 zones created using network analyst. Figure 3 shows the complete set of public 
high schools with their attendance zones. 
 
 






Young Driver Residential Location Data 
In order to find the crash involvement of young drivers in high school attendance 
zones, the residential locations of young drivers that had been involved in fatal or injury 
crashes had to be available. Residential 9-digit zip code data of drivers involved in 
crashes from 2007 to 2012 had been acquired in earlier research by the research team (In 
Paper I – Chapter Two). Drivers’ license numbers of drivers involved in crashes from 
2007 to 2012 were extracted from South Carolina Department of Transportation 
(SCDOT) crash data files and provided to the South Carolina Department of Motor 
Vehicles (SCDMV). The SCDMV in turn provided a list of 9-digit zip codes for 
matching drivers’ licenses in their database. The acquired driver 9-digit zip codes were 
geocoded using ArcGIS World Geocoding Services online. A unique relationship 
between a driver and a crash was created using relational database joins created between 
the SCDOT crash database files and the driver 9-digit zip codes acquired from the 
SCDMV in Microsoft Access. This ensured that drivers who were involved in multiple 
crashes in a year and during the analysis years were captured. Out of the 781, 788 
drivers’ zip codes returned, 122,905 were drivers aged 15-19 with 31,644 of those young 
drivers being involved in fatal or injury crashes. For the remainder of this paper, this 
subset of drivers aged 15-19 who were involved in fatal or injury crashes between 2007 







This section employs a combination of spatial tools and statistical techniques to 
investigate teenage driver crash involvement in South Carolina public high school 
districts. Attendance zone young driver aggregation and multiple linear regression are the 
primary spatial and statistical methods utilized in this section.  
 
High School Data Categories 
Several data categories for South Carolina public high schools were looked at as 
possible variables to be used in statistical analysis, investigating young driver behavior 
and crash involvement in public high school attendance zones. A correlation analysis and 
stepwise regression done later in this section determined which variables to be included 
in the linear regression analysis. 
 
Definition and explanation of data categories are from the 2011– 2012 Accountability 
Manual and the South Carolina Education Oversight Committee website 
 
Absolute School Rating (Report Card Grade) 
“Rating based on schools level of performance on measures of research-based factors 









“The percentage of students that are either Medicaid eligible or qualify for a free- or 
reduced-price lunch program” (32) 
 
Student Teacher Ratio –Max ratio is 35 (state regulations) 
“The average student-teacher ratio for English language arts, mathematics, science, and 
social studies classes” (33) 
 
Dollar Spent Per Student 
“Total federal, state and district funds spent for the education of each student during the 
most recent school year” (32) 
 
On-Time Graduation Rate 
“The Percent of original 9th grade students who earned standard high school diplomas 
who graduated in four years or less” (32, 33) 
 
Drop-Out Rate 
“Information on the annual rate of students who leave the school or district for any 
reason, other than death, prior to graduation or completion of a course of studies without 
transferring to another school, district, or institution, divided by the total number of 






High School Zone Groupings 
Spatial mapping tools from ArcGIS provided the platform for aggregation of the 
variables to be used in analysis. The number of at-risk young drivers as well as census 
block population data acquired from the U.S. Census Bureau was aggregated to the high 
school attendance zones.  Also, the high school data categories (defined earlier) were 
joined to their respective attendance zones making it possible to display variables 
(attributes) spatially. The grouping of high schools was done by the average (over the 6 
year analysis period – 2007 to 2012) number of at-risk young drivers per 100 students 
enrolled (at-risk young driver/100 enrollment). The 189 high school zones were grouped 
into thirds (63 high school zones each). The groupings were classified as Lower (1.0 - 
2.6), Middle (2.6 - 3.3) and Upper (3.3 - 9.0). Summary descriptive statistics based the 3 
groupings are shown in Table 2.  
Grouping the high school attendance zones into thirds (Table 2) showed some 
noticeable trends. There were some decreasing trends from the lower to the upper third 
for categories: enrollment per teenage population, school rating (report card grade), and 
graduation rate. This suggests that high school attendance zones where schools have a 
low rating, less graduating students, or have a lower percentage of the teenage population 
enrolled in school would likely have a higher rate of teenagers involved in fatal or injury 
crashes. The poverty index and dropout rate categories increased from the lower to the 
upper third suggesting that less affluent high school zones or zones with high dropout 





Another category worth noting is the ‘dollars spent per student.’ This category 
remained relatively unchanged from the lower and middle third but increases by over 
$1,600 from the middle to upper third. Research on the funding provisions for South 
Carolina school districts proposes that school districts with a higher poverty index are 
more likely to receive more funds from the state and county, thus providing more funds 
for students in that district. Therefore, similarly to the poverty index category, the trend 
shown for dollars spent per student suggests that less affluent high school zones (that is 
zones that spend more per student) would have an over-representation of at-risk young 
drivers per enrollment.  
 
Table 2 - High School Attendance Zone Summary Statistics for 3 Groupings of At-
Risk Young Drivers/Enrollment 
Categories Lower Third Middle Third Upper Third 
At-Risk Young Drivers (15-19) 9,310 11,912 12,454 
Population (15-19) 95,154 114,923 116,641 
Enrollment 72,643 64,415 50,989 
At-Risk (15-19)/100 Enrollment 2.04 2.93 4.33 
At-Risk (15-19)/100 Pop (15-19) 1.10 1.26 1.30 
Enrollment/100 Pop (15-19) 81.84 62.06 46.76 
School Rating (0-5) 3.58 3.29 3.01 
Poverty Index (0-100) 59.91 68.90 80.50 
Student – Teacher Ratio (0-35) 27.02 28.29 24.90 
Dollars Spent Per Student ($) 7,673 7,679 9,287 
Graduation Rate (%) 80.81 76.98 72.77 






A ranking of the top 15 and bottom 15 high school attendance zones, seen in 
Table 3 and Table 4 respectively, was done based on at-risk young drivers per 100 
enrollment. The ranking identifies specific high schools zones to be considered when 
addressing young driver safety.  The bottom 15 schools serve as possible positive 
examples and could be examined to see what programs or practices could be adopted to 
improve young driver safety. For example, 9 of the bottom 15 schools run a mandatory 
‘Alive at 25’ program in their school while only 2 of the top 15 schools offer the 
program. Therefore, the ‘Alive at 25’ program could be recommended for 
implementation in the top 15 schools. Figure 4 shows the rank, geographical location and 
the distribution of the top 15 and bottom 15 school attendance zones as well as the rest of 
the upper and lower third and the middle third groupings. Refer to Appendix E for the 
complete ranking by at-risk young driver per 100 enrollment of all 189 public high 
schools as well as additional thematic maps showing the high school attributes.  
In the next section, a statistical analysis is performed on the high school data to 





Table 3 - Top 15 High School Zones by At-Risk Young Drivers/100 Enrollment 












1 Burke Middle/High Charleston Charleston 01 309 9.01 At Risk (2.0) 19.1 13952 54.3 
2 Baptist Hill High Hollywood Charleston 01 250 8.93 Average (2.8) 15.5 13972 67.7 
3 St Johns High John's Island Charleston 01 281 8.90 Average (2.8) 14.9 14744 67.1 
4 Lincoln Middle/High  McClellanville Charleston 01 101 7.76 Average (2.8) 8.5 21939 65.4 
5 North Charleston High North Charleston Charleston 01 439 7.33 At Risk (1.7) 9.1 13751 45.3 
6 Columbia High** Columbia Richland 01 706 6.16 Average (3.0) 20.1 8818 72.0 
7 R B Stall High North Charleston Charleston 01 1155 5.82 At Risk (2.2) 23.6 9678 54.3 
8 Spartanburg High* Spartanburg Spartanburg 07 1246 5.42 Good (3.2) 22.2 8715 73.4 
9 West Ashley High* Charleston Charleston 01 1633 5.07 Good (3.2) 32.4 7519 69.5 
10 Orangeburg-Wilkinson* Orangeburg Orangeburg 05 1152 4.90 Average (3.0) 31.3 9173 71.9 
11 Swansea High* Swansea Lexington 04 602 4.76 Good (3.2) 31.0 8508 69.7 
12 Wagener-Salley High Wagener Aiken 01 283 4.71 Average (3.0) 16.9 13465 76.1 
13 Scotts Branch High* Summerton Clarendon 01 191 4.54 Excellent (3.5) 18.1 12288 86.2 
14 Great Falls High** Great Falls Chester 01 224 4.46 Average (3.0) 22.7 10249 70.3 
15 Creek Bridge High Marion Marion 10 192 4.43 Good (3.3) 18.3 12185 88.9 
At-Risk Rate – At-Risk Young Drivers/100 Enrollment 
*High schools that run the ‘Alive at 25’ program (Not Mandatory) 





Table 4 - Bottom 15 High School Zones by At-Risk Young Drivers/100 Enrollment 












1 Hunter-Kinard-Tyler* Neeses Orangeburg 04 153 0.98 Average (2.7) 9.8 8607 66.7 
2 Ce Murray High Greeleyville Williamsburg 01 280 1.01 Good (3.3) 26.3 8448 84.4 
3 McBee High School Mcbee Chesterfield 01 312 1.12 Excellent (3.9) 10.0 7808 85.1 
4 Fort Mill High** Fort Mill York 04 1843 1.18 Excellent (4.6) 33.4 6445 92.6 
5 Nation Ford High** Fort Mill York 04 1730 1.22 Excellent (4.6) 26.7 6205 94.1 
6 Hilton Head High** Hilton Head Beaufort 01 1267 1.38 Excellent (3.6) 29.0 8051 81.8 
7 Andrews High Andrews Georgetown 01 540 1.39 Average (3.0) 21.8 9494 82.4 
8 Bethune-Bowman High Rowesville Orangeburg 05 180 1.39 Average (3.1) 20.8 10239 75.0 
9 Andrew Jackson High** Kershaw Lancaster 01 635 1.39 Excellent (3.5) 31.8 7125 84.7 
10 Hardeeville High Hardeeville Jasper 01 740 1.42 Below Ave (2.6) 23.3 9895 72.7 
11 Landrum High School** Landrum Spartanburg 01 609 1.45 Excellent (3.7) 31.9 9255 85.6 
12 Buford High** Lancaster Lancaster 01 626 1.54 Excellent (3.4) 24.7 8389 78.0 
13 Clover High** Clover York 02 2033 1.57 Excellent (4.1) 28.6 7854 84.4 
14 Whitmire Community** Whitmire Newberry 01 158 1.58 Average (3.0) 18.0 8218 81.6 
15 Walhalla High** Walhalla Oconee 01 965 1.69 Excellent (3.6) 27.4 7188 82.3 
At-Risk Rate – At-Risk Young Drivers/100 Enrollment 
*High schools that run the ‘Alive at 25’ program (Not Mandatory) 






Figure 4: South Carolina Public High School Attendance Zone Groupings by At-
Risk Young Drivers/100 Enrollment. 
 
Statistical Analysis 
Simple linear regression analysis was used to investigate possible key 
characteristics of public high schools where there is a high representation of young driver 
crash involvement. The at-risk young driver/100 enrollment variable was the dependent 
variable for the statistical analysis. The first step in determining the most appropriate 
linear model was to determine the relationship between the dependent variable (at-risk 





between the explanatory variables themselves. Therefore, a correlation analysis was 
created on the selected data categories to determine how suitable certain combinations of 
categories would be as independent variables in a linear model. The result of the 
correlation analysis is a correlation matrix shown in Table 5.   





















Enroll 1               
Enroll/100 
Pop (15-19) -0.69 1             
School 
Rating -0.44 0.45 1           
Poverty 
Index 0.45 -0.44 -0.74 1         
Student/ 
Teacher -0.33 0.23 0.29 -0.47 1       
Dollars/ 
Student 0.48 -0.32 -0.30 0.54 -0.70 1     
Grad  
Rate -0.46 0.42 0.75 -0.47 0.20 -0.22 1   
Dropout 
Rate 0.31 -0.28 -0.46 0.23 -0.15 0.08 -0.64 1 
 
The highlighted cells show variables that are highly correlated with each other. 
Based on the correlation matrix, all the variables could help predict the dependent 
variable. However, some variables were more correlated with the dependent variable than 






To avoid multicollinearity, further investigation into the suitability of variables 
was done by examining Variance Inflation Factors (VIF) of the independent variables, 
especially the variables that were highly correlated with each other in the correlation 
matrix. A VIF measures the severity of multicollinearity in ordinary least squares (OLS) 
regression. High multicollinearity is said to be present when the VIF value is greater than 
4 (34). None the less, there could still be cause for concern for VIFs greater than 2. A 
VIF of 1 represents no multicollinearity while a VIF of 2 means that the variance of a 
particular independent variable is 2 times (100%) larger than it would be if it was not 
correlated with any of the other independent variables in the model. With the dependent 
variable being at-risk young drivers/100 enrollment, several multiple linear regression 
models were run. The first of these models included all the variables followed by models 
with various combinations of independent variables.  
The VIF analysis results in Table 6 shows that high multicollinearity could exist 
among ‘school rating,’ ‘poverty index,’ and ‘graduation rate,’ as well as between these 
three variables and other variables in the model. This possibly high multicollinearity 
among variables was further investigated by running models with two independent 
variables that were highly correlated according to the correlation matrix. Table 7 shows 
that two pairs of variables (school rating & poverty index and school rating & on-time 
graduation rate) have VIFs greater than 2. This means that there could be high 
multicollinearity among those variables and that care should be taken when including 
those variables together in the same model. None of the other variable pairs that were 





pairs showed high multicollinearity and would therefore, be viable variables for the 
model. 
 
Table 6 - VIF Analysis – Full Model 
Independent Variables VIF 
Enrollment/100 Pop (15-19) 1.37 
School Rating 4.29 
Poverty Index 3.20 
Drop Out Rate 1.74 
Dollar Spent Per Student 2.30 
Student Teacher Ratio 2.02 
On-Time Graduation Rate 3.17 
 
Table 7 - VIF Analysis – Paired Variables 
Independent Variables VIF 
Enrollment Per Pop (15-19) School Rating 1.25 
Enrollment Per Pop (15-19) Poverty Index 1.23 
Enrollment Per Pop (15-19) On-Time Graduation Rate 1.21 
School Rating Poverty Index 2.23 
School Rating On-Time Graduation Rate 2.28 
School Rating Drop Out Rate 1.27 
Poverty Index Student Teacher Ratio 1.28 
Poverty Index On-Time Graduation Rate 1.28 
Poverty Index Dollar Spent Per Student 1.41 
Student Teacher Ratio Dollar Spent Per Student 1.94 
On-Time Graduation Rate Drop Out Rate 1.68 
 
The final determination of suitable variables for linear regression was done 
through stepwise backward regression. The result of the stepwise backwards regression is 





Dependent Variable - At-Risk (15-19)/100 Enrollment (N) 
 Independent Variables 
o Graduation Rate (Grad_Rate) 
o Dollars Spent Per Student (Dollars_Spent) 
o Enrollment/100 Pop (15-19) (Enroll_Pop) 
………….….Equation 1 
Where , , , are the explanatory variable coefficients 
 
Table 8 - Stepwise Backward Regression Analysis Results 
Dependent Variable - At-Risk (15-19)/100 Enrollment (Adj R2 = 0.57) 
Independent Variables Estimate P-Value Significance 
Intercept 5.932 2.38e-16 0.001 
Graduation Rate -2.798e-02 0.000645 0.001 
Dollars Spent Per Student 1.447e-04 2.65e-07 0.001 
Enrollment/100 Pop (15-19) -2.947e-02 < 2e-16 0.001 
 
The regression analysis was done to determine the most influential variables to 
look at with regard to the characteristics and possible contributions of high schools to 
young driver safety and not necessarily to make predictions. The final model highlighted 
on-time graduation rate, dollars spent per student (surrogate to poverty index), and 
enrollment per 100 population (15-19) as the most influential categories in determining 
at-risk young drivers per 100 enrollment.  The regression estimates suggest that public 





involvement in fatal and injury crashes compared to zones with low graduation rates. 
Also, zones that spend more money per student (that is zones with a high poverty index) 
would likely have more representation of at-risk young drivers. Lastly, overall high 
school enrollment was shown to be important in young driver safety, since the regression 
shows that zones with lower enrollment rates would most likely have more at-risk young 
drivers.  
 
Outlier Analysis - Charleston Area Case Study 
To investigate possible spatial relationships between high school attendance zone 
characteristics and young driver crash involvement, an outlier analysis in ArcGIS was 
done on the high school attendance zones. Outlier analysis on a variable identifies and 
groups statistically significant high values (in light red), statistically significant low 
values (in light blue), statistically significant high outlier - that is a high value surrounded 
by low values (in red) and statistically significant low outlier – that is a low value 
surrounded by high values (in blue). The at-risk young driver per 100 enrollment variable 
was used in the outlier analysis.  
The resulting map identified the Charleston area, near the coast of the state as 
having a noticeable mix of high school attendance zones with low and high rates of at-
risk young drivers per 100 enrollment as seen in Figure 5A. Four schools namely, Ashley 
Ridge High, Goose Creek High, Hanahan High and Wando High were identified as low 
outliers (blue in Figure 5A) - that is having a low value of at-risk young drivers per 100 






Figure 5: Comparison of Attributes of Outlier and High Cluster High School 






The high school attributes for the four outliers were compared to the surrounding 
high cluster high schools (light red in Figure 5A). Figures 5B, 5C, 5D, 5E and 5F show 
some of the attributes compared while Table 9 shows summary statistics on some socio-
demographic characteristics of the two groups of high schools. The numbers in the 
attendance zone boundaries in Figure 5 (A-F) show the rank of the attendance zone based 
on at-risk young drivers per 100 enrollment. 
The outlier analysis showed that attendance zones in the Charleston area with 
lower young driver crash involvement generally have higher graduation rates, a lower 
poverty index, a higher percentage of teenagers in school, higher student teacher ratio and 
higher overall school rating. These trends strongly support the results from the summary 
statistics of the risk groupings in Table 2 and the results of the statistical analysis. 
 
Table 9 – Charleston Area Attendance Zone Summary Statistics  
 
In addition, the summary statistics in Table 9 support the notion that more affluent 
areas, with a higher median household income (low poverty index) are less likely to have 





more urbanized areas with a high school rating and a high percent of Caucasian students 
would have lower young driver crash involvement. 
 
 
DISCUSSION AND CONCLUSION 
South Carolina high schools are playing a more active role in educating teen 
drivers in recent years. A good example is the running of the ‘Alive at 25’ program in 
several high schools where completion of the program has become a prerequisite for 
obtaining a term parking permit. The analysis performed in this research, while not 
designed to determine causation of teen driver crashes, highlights key characteristics of 
South Carolina high schools attendance zones that tend to be present where at-risk young 
drivers are overrepresented. This research serves as a potential guide to school districts 
and individual high schools on what they could do to help nurture more responsible and 
safety-conscious teen drivers. . For example, as alluded to earlier, 9 of the bottom 15 
schools run a mandatory ‘Alive at 25’ program in their school while only 2 of the top 15 
schools offer the program. Therefore, through this research the ‘Alive at 25’ program 
could be recommended for implementation in zones with high at-risk young driver crash 
rates contributing to the overall preparedness of teen drivers and the safety of the society 
as a whole. The findings of this research imply that working to improve overall high 
school education where there are improvements in characteristics, such as enrollment rate 
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PAPER III: Too Close to Home? An Investigation into Crash Proximity  
Relative to Driver Residences in South Carolina 
 
ABSTRACT 
A national survey by a major insurance company on 11,000 policy holders in 
2001 found that over 50% of crashes polled occurred within 5 miles from the residences 
of those involved in the crash.  This paper investigates the proximity of traffic crashes 
from driver residences and how this relationship correlates with trip lengths. The lack of 
academic literature with regard to crash proximity to homes is one of the primary 
motivations for this paper.  Previous studies identified in the literature were based on 
Euclidean distance rather than network distance. The 2001 insurance survey relied on 
self-reported distance data which could be either over-estimated or under-estimated. This 
research takes advantage of the network and spatial analysis capabilities of a geographic 
information system (GIS) to analyze crash location proximity to drivers’ residences.  
Driver data from nearly 700,000 crashes in South Carolina from 2007 to 2012 is used in 
the analysis.  
The analysis results suggest that approximately 35% of crashes occur within 5 
miles of the driver’s residence. This percentage varies significantly from the survey 
results reported in 2001 which indicate that over 50% of crashes occur within 5 miles of 
the driver’s residence.  The crash proximity distributions do not vary based on severity, 





proximity is lower compared to the National Household Travel Survey (NHTS) auto trip 
frequency distribution. At 20 and 30 miles from home, risk ratios for women are 10% and 
41% greater than risk ratios for men. Overall, the findings of this research suggest that 
considering only trip length, the probability of being involved in a fatal or injury crash is 
lower for trips closer to home. Future research could possibly identify factors that 























The automobile has been the dominant mode of travel in the United States for 
more than a century. Aside from the increase in lane miles and increased accessibility to 
the automobile, other factors like access to affordable fuel, changes in city planning or 
increased suburbanization, changes in the make-up of the workforce, and changes in 
family structure have all contributed to the increased use of the automobile in the United 
States over the past half century. According to the 2009 American Community Survey, 
86 percent of all travel to work is by car, truck, or van, while the mean travel time to 
work of 25.1 minutes is 3 minutes longer than the mean travel time (22 minutes) in the 
1980s (1). Also, the percent of drive alone work trips has grown from 64.4% in 1980 to 
76.6% in 2010 (2), with approximately 19% of all person miles of travel being work 
commute trips (3). The 2009 National Household Travel Survey (NHTS) reports that the 
average trip length of a household for all purposes has increased since 1969 with work 
trips showing the highest increase from 9.4 miles to 12.2 miles (4). However, it is 
important to note that commute by automobile peaked in the early 2000s and has 
remained virtually unchanged until a recent slight downward trend (5). Due to the 
involuntary or compulsory nature of work trips, it is understandable that trip makers are 
willing to drive further to work than for other trips that are more discretionary. 
National transportation and safety statistics from the National Highway Traffic 
Safety Administration (NHTSA), the Bureau of Transportation Statistics (BTS), and the 
Research and Innovative Technology Administration (RITA) show that traffic crash 





use trends. However, most data showing these trends do not highlight the possible 
relationships between trip lengths and traffic crashes. This paper investigates the 
proximity of traffic crashes from driver residences and how this relationship correlates 
with trip lengths.  Driver data from nearly 700,000 crashes in South Carolina from 2007 






BACKGROUND AND LITERATURE REVIEW 
Traffic Safety Trends in South Carolina 
Southeastern states typically have the highest crash rates in the United States. 
Traffic crash fatality trends in South Carolina over the past two decades have been 
similar to national trends. However, South Carolina crash rates are significantly higher 
than the national averages. A comparison of the rate of change of traffic crashes in South 
Carolina to the United States from 1994 is shown in Figure 1.  
 
Figure 1: Rate of Change of Traffic Crash Fatalities from 1994 to 2012. 
 
In 2012, South Carolina ranked first and seventh in the nation with 1.76 fatalities 
per 100 million vehicle miles travelled (VMT) and 18.3 fatalities per 100,000 population 
respectively for a recorded 863 fatalities (6, 7). These crash rates were among the lowest 





comparison to the national averages of 1.13 fatalities per 100 VMT and 10.7 fatalities per 
100,000 population respectively (5, 6). Furthermore, the 2012 South Carolina Traffic 
Collision Fact Book reported a traffic fatality every 10.2 hours and an injury every 10.5 
minutes (8).  Figure 1 shows that there is a clear downward trend in the rate of traffic 
fatalities from 2007 to 2012.  It would be interesting to know how this trend relates to the 
spatial proximity of crashes relative to where drivers live during this same period.  
 
Previous Work in Crash Proximity to Residences 
Findings by Strillacci from a national poll in 2001 of 11,000 policy holders of a 
major insurance company that had been involved in a crash found that 52% and 69% of 
crashes polled occurred within 5 and 10 miles respectively from the residences of those 
involved in the crash (9). A similar and more recent poll in 2009 by an insurance 
company in the United Kingdom corroborates the findings of Strillacci (10). However, 
there has not been much academic research on crash location proximity to driver 
residences.  
One of the few studies on proximity was a study by Harland, who investigated the 
difference in agricultural equipment-related crash characteristics by rural-urban crash 
sites (11). Major findings from this study were that urban crashes were more likely to 
occur in a town or within 1 mile of a town than rural crashes and that the distance from 
the crash to the town differed significantly by the urban-rural distribution (11).  Another 
study on pedestrian activity in the UK by Ward et al found that pedestrians are less likely 





in the UK a few years later by Abdalla et al corroborated Ward’s findings. Abdalla’s 
research also looked at the proximity of drivers and passengers involved in fatal crashes 
to their residential zones by output areas (similar to census block groups or small census 
tracts). The frequency distribution showed that approximately 80% of fatal crashes 
occurred within 5 – 10 kilometers (3 – 5 miles) of their residential output area (13). 
However, the geographic scale of analysis in Abdalla’s research is relatively large 
compared to block or nine-digit residential zip code analysis. Also, the distance between 
the crash location and home location was based on a grid referencing system, which gives 
a Euclidean distance (straight-line distance) rather than a network route distance between 
the two locations.  
The limitations of earlier research in crash proximity to residential locations may 
be attributed in part to the lack of data at fine geographic scales, as well as the limited 
capabilities of geographic information system (GIS) software and tools at the time. The 
lack of academic literature with regard to crash proximity to homes is the primary 
motivation for this paper.  Furthermore, the previous studies all seem to be based on 
Euclidean distance rather that network distance. This research takes advantage of the 
advanced network and spatial analysis capabilities of ArcGIS to analyze crash location 








METHODS AND ANALYSIS 
The residential locations of drivers involved in crashes from 2007 to 2012 were 
acquired and extracted from two databases: The South Carolina Department of 
Transportation (SCDOT) crash database and the South Carolina Department of Motor 
Vehicles (SCDMV) driver’s license database.  To determine trip length, exposure rates 
by gender, and trip type, the 2009 National Household Travel Survey (NHTS) data for 
South Carolina was obtained.  The following sections discuss the data acquisition and 
processing steps. An organizational chart of these steps is shown in Figure 2.  The 
general steps shown in Figure 2 include the acquisition of two large data sets (crashes 
and zip code locations of drivers involved in crashes), the geocoding of these data sets, 
and the conducted proximity analysis.  Details of critical processes and steps are 
discussed in the following sections.  
 
 






Data Acquisition and Processing 
Nine-Digit Zip Code Data Acquisition 
To research the proximity of crashes from drivers’ residence in South Carolina, 
driver residential locations at a fine geographic scale and spatially accurate crash data had 
to be acquired. Digital crash data acquired from the SCDOT includes a ‘vehicle 
occupant’ file that contains drivers’ license numbers.  A list of drivers’ license numbers 
of drivers involved in crashes from 2007 to 2012 was extracted from the SCDOT crash 
data ‘unit’ file and was provided to the SCDMV to procure locations where drivers live. 
Because some drivers were involved in multiple crashes per year and also in different 
years, it was ensured that duplicate license numbers were removed to reduce data 
acquisition costs. To minimize privacy issues, a request for 9-digit zip codes was made 
rather than actual home addresses.  The resolution of 9-digit zip code data is at the street 
segment level where the street segments are normally only a few hundred feet or less.  
This resolution was hypothesized to be sufficient for our analysis because the geocoded 
location of a 9-digit zip code is at the center of the street.  Thus the actual distance from a 
home to a crash may be slightly lower or higher than the distance from the 9-digit zip 
code centroid to the crash, but on average, the distance error will be close to zero 0.   
This hypothesis was tested using a random sample of roughly 200 addresses 
distributed around the state.  The average network distance between the 9-digit zip code 
centroid and the actual address was 862 feet (0.162 miles) with the maximum being 3,749 
feet (0.71 miles).  Shortest paths were generated from each 9-digit zip code centroid to an 





lengths were skimmed.  The average difference in the paths was only 13.5 feet, 
confirming the earlier assumption that the average distance error would be close to zero, 
(0) thus justifying the use of the 9-digit zip code centroids as representative of the 
residential locations. 
The resultant encrypted list of 9-digit zip codes provided by SCDMV was 
decoded and preprocessed.   Figure 3 shows a sample of the drivers’ license list and zip 
code data received from SCDMV. There were 804,171 license numbers provided to 
SCDMV.  Out of this number, 781,788 (over 97%) records returned 9-digit zips. The 
difference included 13,203 (1.6%) records with no zip codes, and 9,117 (1.1%) records 
with 5-digit zip codes. Additionally, 60 records had zip codes between 5-9 digits and 3 
records were erroneous. 
 
 
Figure 3: License Numbers From SCDOT Crash Data (Left) and License Numbers 





Data Processing: Nine-Digit Zip Code Data and Crash Data 
Driver Geocoding   The procured driver 9-digit zip codes were batch geocoded 
using ArcGIS World Geocoding Services online. Only records with the full 9-digit zip 
code (781,788 records) were geocoded to maintain a consistent level of accuracy for 
analysis. Figure 4 shows the geocoded 9-digit zip code locations for the whole state and a 
blow up at the street network level.  The 9-digit zip code point locations always fall at the 
center of the street segment represented by the 9-digit zip code. The coordinate locations 
of the geocoded zip code data were extracted and used to create paired points between a 
crash and a drivers’ residence. These paired points were later used to create both the 
Euclidean route and network route. 
 
 
Figure 4: Geocoded 9-digit zip codes (781,788 records) of drivers involved in crashes 






Crash Data Geocoding   In 2004, SCDOT made an improvement in reporting 
crash locations by transitioning to the use of handheld GPS technology by law 
enforcement officers. An officer would read the coordinates displayed by the GPS and 
then write them on the paper crash report.  Information from the paper report would later 
be keyed into a digital database.  Although use of GPS units was advantageous over 
traditional location referencing methods used previously (e.g. distance from intersection, 
mile point, etc.), there were a number of issues associated with operation of the units and 
the recording of location data on paper crash reports, which resulted in erroneous location 
data for numerous crashes (14).   
In 2010, South Carolina began transitioning to a new crash reporting system that 
enables officers to spatially see and locate crashes via a GIS-based GPS enabled mapping 
platform in police vehicles.   The GPS displays the vehicle’s location on the GIS map 
display and then the officer has the ability to pinpoint the actual location of the crash.  
While the new system is a vast improvement in locating crashes, many jurisdictions have 
yet to transition to the new system. The geocoding of the 6 years of crash data for this 
analysis resulted in approximately 82% (548,051 out of 672,035) of the crash data being 
successfully geocoded.  Thus, crashes that could not be located and the drivers associated 
with them had to be omitted from the proximity analysis.  
 
Relational Database Joins:   To create a correspondence between a driver and a 
crash, relational database joins were created between the SCDOT crash database files and 





files in the SCDOT crash database namely; ‘location’, ‘unit’ and ‘occupant’ files. The 
location file gives the coordinate location of the crash and specific details, including the 
manner of collision, the contributing factors to the crash, and any other prevailing 
conditions or location characteristics at the time of the crash. The unit file contains 
information on the vehicle involved in the crash. For example, the vehicle type, make, 
model, year, license plate, registration, etc. The unit file also contains information on the 
driver, such as the drivers’ license number, sex, race, etc. The occupant file has details on 
all of the occupants in the vehicle involved in the crash and where they were seated 
during the crash. One field common to all of the SCDOT crash files is the ‘Accident 
Number’ (ANO). This field is the crash identifier and is unique in the ‘location’ file. 
However, there can be duplicate accident numbers in the unit and occupant files since 
most crashes involve more than one unit and will therefore have more than one occupant 
between the multiple units. To eliminate duplication of records, custom unique identifiers 
were created in order to link all the data files.  
The final output file contained all of the data from the unit, occupant, location, 
and 9-digit data for each individual driver. The combined dataset, containing 988,668 
drivers involved in crashes, had paired crash location coordinates and driver residence 
coordinates. This meant that a driver’s residence could be represented more than once (at 
the same residential location), thus capturing drivers that were involved in more than one 







Trip Length Data Acquisition and Processing 
To investigate and establish a relationship between the frequency of different 
crash distances from home and the frequency of different trip distances from home, auto 
trip length data from the 2009 National Household Travel Survey (NHTS) for South 
Carolina was acquired. The ‘Table Designer’ online tool on the NHTS website was used 
to extract auto home based and non-home based trips by length for South Carolina.  
NHTS trips were also classified as either made by male or female.  The extracted auto 
trip lengths were in 1 mile increments up to 5 miles, 5 mile increments up to 20 miles, 
and 10 mile increments to 30 miles. For comparison, the NHTS trip length data was 
binned to match available crash proximity trip length groups. 
 
GIS Proximity Analysis 
ArcGIS was used to generate lines with a start point at the driver’s residence and 
the end point at the associated crash location. Paired points were then extracted from the 
end points of the generated lines. A total of 782,478 paired points with their associated 
lines were created for the 6 analysis years. Paired point locations of a crash and driver 
residence were used to generate the distance through the street network. The shortest 
street network distance was generated using the Network Analyst toolbox in ArcGIS.  A 
network dataset was created from a road centerline shapefile for the state of South 
Carolina. The driver residence and crash location pairs were loaded as stops in the 
analysis with the driver residence being the start point and the crash location being the 





between the point pairs shows that the network distance on average is approximately 7% 
longer than the Euclidean distance. An example of this comparison is shown in Figure 5.  
 
 
Figure 5: Network Node Pair with Euclidean Distance and Street Network Route. 
 
A total of 727,169 routes were generated out of a possible 782,478 meaning 7% 
of the routes could not be created. Some routes were not generated because of breaks in 
the network dataset. These breaks were from the source centerline shapefile received 
from the SCDOT. Although a network topology was created to snap dangled endpoints to 
the network for more connectivity, care was taken not to make the snapping tolerance so 






Processing Summary Results 
The methodologies discussed resulted in data losses that were comparable from 
year to year. Much of the data loss was due to drivers involved in crashes in South 
Carolina that had out-of-state licenses.  As shown in Table 1, nearly 20% of the driver 
data records had to be omitted from the analysis since the SCDMV did not have 
information on these out-of-state drivers. However, it is doubtful that the data loss biased 
the analysis because the proximity analysis considered NHTS trip lengths for only South 
Carolina drivers.   
Another significant loss of data (approximately 20% of the crash data) was due to 
the poor coordinate information associated with many crashes (Table 2). While this 
reduces the sample size, this loss of crash data is unlikely to bias the analysis because the 
distribution of the lost crash data covers counties throughout the state, and thus, it is not 
biased spatially.  
A third contribution to data loss was the inability to generate network paths due to 
errors in the roadway shape file.  The number of route errors (Table 3) was relatively 










Table 1 - Driver Data Processing Statistics (From 2007 to 2012) 
 
 





















RESULTS AND DISCUSSION 
Proximity Analysis 
The frequency percent distributions in 5 mile increments of the network route 
distances between crash locations and drivers’ residences were computed for 2007 to 
2012. A comparison of the 5 mile increment distributions for total crashes by year is 
shown in Figure 6. The distributions look similar for all years except for the gradual 
increase in the 0-5 mile group from 2007 (34.3%) to 2012 (38.3%) – a net change of 4%. 
Also, at the opposite end of the spectrum, the crashes occurring 45+ miles from home 
have been on the decline the last three years (10.8% to 8.7%).  However, a Chi Square 
test (p=0.05) showed that the distributions for all years were not significantly different. 
The distribution in proximity of crashes from drivers’ homes remained relatively 
unchanged over the last six years. 
Several categories were studied and compared to total crashes. Figure 7 shows a 
comparison of frequency percent distributions for drivers deemed to be at fault or not at 
fault according to the police report. A Chi Square test (p=0.05) showed that the crash 
proximity distributions for both groups of drivers were not significantly different. The 
distributions of crash proximity were the same whether the driver was reported to have 
contributed to the crash or not.    
Figure 8 shows that there is virtually no difference in the crash proximity 
distributions for fatal and non-fatal crash involvement by males and females.  A Chi 






Figure 6: Frequency Distribution of Miles from Driver Residence Location to Site of 




Figure 7: Frequency Distribution of Miles from Residence of Drivers Involved in 







Figure 8: Frequency Distribution of Miles from Residence of Drivers Involved in 
Crashes by Gender and Severity 
 
Figures 6-8 consistently show that just over 35% of all crashes for the last six 
years occur within 5 miles of drivers’ homes as compared with over 50% found by the 
analysis of the survey results of the 11,000 insurance policy holders by Strillacci.  This 
may be explained in part because the insurance study only included crashes where 
insurance claims were made, which may tend to be more severe. However, it is not 
evident from Figure 8 that including only crashes with insurance claims would have a 
different crash proximity distribution, as distances to the residence in fatal and non-fatal 
crashes shared the same distribution.   
Figure 9 shows a frequency distribution of crash proximity by gender and also 





Travel Survey (NHTS) by gender. The figure shows that female drivers have roughly 3% 
more crashes within 5 miles of their residence relative to male drivers.  A statistical 
comparison (Chi Square) of the male and female distributions of crashes from drivers’ 
residences indicated that the two distributions were the same. However, it is worth noting 
that women were found to make 50.4% of home-based trips within 5 miles of the home, 
whereas men make only 44.7% of their trips in this range.      
 
Figure 9: Frequency Distribution of Miles from Residence of Drivers Involved in 
Crashes by Gender with Comparison to Distribution of NHTS Trip Lengths by 
Gender. 
 
A comparison with the NHTS trip length distribution for South Carolina shows a 
clear similarity to the crash proximity distributions.  Figure 9 shows that there is a much 
higher proportion of shorter trips than longer trips and a corresponding higher frequency 
of crashes within a short distance from home versus crashes that occur farther away.  The 





male drivers relative to the frequency of crashes within 5 miles from home.  It is 
noteworthy that the 2009 NHTS has a higher proportion of shorter trips because trip 
chains, such as those from home to work are broken down into shorter trips (e.g. 
dropping of children at school before going to work). Chi Square tests performed on the 
gender distributions infer that there is not a significant difference between the 
distributions at ‘p=0.05’ but give enough evidence to conclude that the NHTS gender trip 
length distributions are significantly different from the crash proximity gender 
distributions at ‘p=0.1’. Nevertheless, what is illustrated in Figure 9 is substantial because 
it shows that there is clear correlation between the crash proximity distribution and the 
distribution of trip distances from NHTS.  
 
Figure 10: Frequency Distribution of Miles from Residence of Drivers Involved in 
Crashes and Comparison to Distribution of NHTS Trip Length for Home-Based, 





While Figure 9 includes the distribution of all trips made by males and females, 
Figure 10 includes the combined distribution of trips made by both males and females 
from the home residence to a destination (home-based trips) and from a non-home 
location to another non-home location (non-home-based trips).  Note that the non-home-
based trip length distribution has roughly 13% more trips in the less than 5 mile range.  
These trips typically involve short distance trips chained together.  A Chi Square test 
(p=0.05) showed that the overall crash proximity distribution was significantly different 
when compared to the NHTS Non Home-Based trip distribution but not significantly 
different when compared to the NHTS Home-Based trip distribution. 
Also, the frequency distribution for commute trips from the 2009 NHTS and 
crashes most likely to be commuter crashes were shown in Figure 10. Crashes that 
occurred on weekdays between 6:00 AM and 9:30 AM served as a surrogate for crashes 
that could have occurred during regular work morning commutes since the crash database 
does not identify trip purpose. The morning commute time was preferred because there 
are more trips with different purposes intermingled with evening commute trips 
(assuming an 8 AM – 5 PM work force) than there would be in the morning.  There could 
be an argument that work trips occur throughout the day however census statistics by the 
American Community Survey (ACS) show that about 70% of South Carolina workers 
leave home for work between 5:30 AM and 9:00 AM. This statistic gives the commuter 
crash and commuter trip distribution comparison validity to some extent. Also, only 





distribution somewhat matching the time period used for the surrogate commute crash 
frequency distribution. 
The NHTS commuter trip length distribution and the commute crash proximity 
distribution showed dissimilarity. Whereas the commute crash proximity distribution 
follows that of the other crash proximity distributions looked at in Figures 7, 8 and 9, the 
NHTS South Carolina commuter trip length distribution has a lower frequency for trips 5 
miles or below and a gentle decrease of frequency with increasing trip length. The 
compulsory nature of work trips could possibly be a major contributor to the difference in 
commute trip length distribution from other trip purposes. The trip length distributions 
for South Carolina from the 2009 NHTS for all trip purposes is included on this figure for 
comparison purposes.  The distribution for all trip purposes is very similar to the 2009 
NHTS male and female trip length distributions shown in Figure 9. A Chi Square test 
(p=0.05) performed on the commuter distributions infer that the 2009 NHTS commuter 
trip length distributions for South Carolina are significantly different from all other 
distributions looked at in Figures 7 through 10. 
 
Risk Ratio Analysis 
Risk ratio analysis is most commonly used in medical research, particularly in 
cohort studies to compare the risk of health outcomes from an exposure between an 
experimental group and a control group. In this section, a similar computation was 
completed for trip lengths to determine if trip lengths have a relative effect or 





percent distribution of proximity of crash from drivers’ residence to the percent 
distribution of NHTS trip lengths represents the risk ratio. This analysis was done to 
further highlight the relationship between the crash proximity distributions and trip length 
distributions for the various distance groups and not necessarily to represent the absolute 
risk of being involved in a crash at a certain distance from home. 
 
 
Figure 11: Risk Ratio: Crash Proximity Distribution to NHTS Trip Length 
Distribution 
 
Compared to the distribution of home-based trips reported in the NHTS, both men 
and women have a low risk ratio for crashes 5 miles or less from home (Figure 11). The 





men increase from 5 to 15 miles and begins to decrease after 15 miles. At 5 miles or less 
from home, the frequency distribution of crash proximity is lower compared to the NHTS 
trip frequency distribution and gradually increases to more than the NHTS auto trip 
length distribution after 5 miles and up to 20 miles. At the 20 and 30 miles from 





This paper investigated the proximity of traffic crashes from driver residences to 
determine how this relationship correlates with trip lengths. The proximity analysis 
results (Figures 6-8) suggest that approximately 35% of crashes occur within 5 miles of 
the driver’s residence. This percentage varies significantly from the survey results 
reported by Stillacci in 2001, which indicated that over 50% of crashes occur within 5 
miles of the driver’s residence. The crash proximity distributions on this research do not 
vary based on severity, gender, year, or fault. The same can be said for the NHTS auto 
trip length distributions for gender and trip purpose (home-based and non-home-based). 
However, the crash proximity distribution from this research is significantly different 
compared to the NHTS Non-Home-Based trip distribution.  
  As stated earlier, the risk ratio analysis does not represent the absolute risk of 
being involved in a crash a certain distance from home.  Rather it provides a comparison 





to NHTS auto trip lengths. A potential bias in this type of analysis is that shorter crash 
distances from home tend to be overrepresented in the crash proximity data. Therefore, 
the crash risk for the shorter trips could most likely be overestimated. For example, if a 
driver is involved in a crash close to home on the way back from a ‘long’ trip, the 
calculated crash proximity will be the distance from home to the crash, which will be 
much shorter than the total length of the trip. However, even with the expected 
overrepresentation of shorter crash distances and overestimation of the crash risk for 
shorter trips, the risk ratio at the 5 mile or less from home category is less than 1 (Figure 
11). This implies that based on the percentage of trips made within 5 miles from home, 
there are fewer fatal and injury crashes compared to distances greater than 5 miles. 
Overall, these results suggest that, considering only trip length, the probability of being 
involved in a fatal or injury crash is lower for trips closer to home.  
This research substantially increases the body of knowledge with regard to crash 
proximity from home particularly due to the lack of scholarly literature on the subject. 
Future research could possibly identify factors that contribute to lower probability of fatal 
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As alluded to in Chapter One, the primary goal of this research was to identify 
and analyze phenomena about the residences of drivers involved in crashes using spatial 
and statistical methods. These phenomena include socioeconomic and demographic 
characteristics of neighborhoods where these drivers live and the proximity of crashes to 
driver residences.   
There were three objectives established and achieved over three research papers 
in this dissertation that helped to reach the aforementioned research goal. The three 
research papers presented in this dissertation covered several geospatial analysis methods 
and statistical analysis techniques that could be used in various stages in the decision 
making process. For initial statewide investigation into trends and relationships between 
drivers involved in crashes, crash occurrence and socio-economic and demographic 
characteristics of the residential locations of drivers involved in crashes, the block group, 
county and high school attendance zone aggregation with summary statistics, used in 
Paper I and Paper II, was found to be a useful approach. Also, the odds ratio and risk 
ratio analysis done in Paper I, Paper III, and shown in Appendix A could also be used in 
initial identification of at-risk groups like young drivers as identified in Paper I. The risk 
ratio shows the actual contributions by driver groups (by age, gender, ethnicity) to all the 
possible types and categories of crashes instead of only placing importance on crash 
frequency. These categories could be by severity (fatal, injury, PDO) specific 





Run off the road, Side Swipe, etc.). Another possible technique for initial screening, with 
regard to identifying relationships, would be linear regression.  This technique, however, 
is recommended when considering relatively smaller samples as in the case of the high 
school attendance zones in Paper II. Linear regression at the block group level did not 
prove to be useful due to the large number of block groups and aggregated data. Most 
variables were found to be highly significant in predicting the number of drivers involved 
in crashes as well as crash occurrence in a block group. The methods mentioned thus far 
are good for preliminary screening purposes but do not show strong geospatial patterns to 
identify areas of interest. 
After the initial trends are identified, more micro-level geographic information is 
needed for decision making. Two techniques, cluster analysis and grid aggregation, used 
in Paper I provide the needed micro-level information, with the grid aggregation being 
more precise from a location standpoint. As demonstrated in Paper I, the cluster analysis 
assists in finding areas with high concentrations or low concentrations of a specific 
attribute, which was primarily drivers involved in crashes in the case of this research. 
Highlighted clusters from the cluster analysis could still cover relatively large areas, even 
spanning across county boundaries. Therefore, the grid cell analysis provides an even 
smaller geographic scale of analysis. The grid cell analysis benefits both policy 
implementation with regards to driver programs as well as enforcement efforts. The grid 
cells used in this research were a one mile by one mile block. This created a true 
aggregation of attributes by square mile. However, depending on the purpose of the 





Overall, the research in this dissertation document has added to the body of 
knowledge in the field of transportation safety and geospatial science.  The geospatial and 
statistical methods used in this research are readily transferable to other states and regions 
but are dependent on the availability of 9-digit driver residential data and precise crash 
data. The completion of this research could potentially be a valuable resource to assist 
policy makers and state officials in the various stages of the decision making process with 
regard to where to promote specific transportation safety programs. Specifically, this 
research could help guide state officials to make decisions with regard to selecting and 
implementing transportation safety programs and strategies for the safety emphasis areas 
in South Carolina’s current strategic highway safety plan, ‘Target Zero’. In addition, the 
allocation of limited state resources for transportation safety program implementation and 
enforcement will be more strategic while employing the safety analysis methods 





















South Carolina Crash Data Statistics (2007-2012): A Closer Look at the Driver and 
Passenger 
Annually, the South Carolina Department of Public Safety (SCDPS) publishes the 
‘Traffic Collision Fact Book,’ which contains statistics on South Carolina crashes in 
various tabulated categories and groupings for the year and longitudinal statistics as well. 
The data used for the fact book is compiled from crash data records maintained by the 
South Carolina Department of Transportation (SCDOT). The crash data records are 
collected by state, county, and city/town law enforcement. Over 60% of the data is 
collected by the South Carolina Highway Patrol using a GPS enabled map-based system 
called the South Carolina Collision and Traffic Ticket System (SCCATTS). A few local 
jurisdictions also use the SCCATTS system. The remaining crash data is collected by 
local jurisdictions using hand-held GPSs and paper reporting. The collision fact book 
groupings are by severity, age, gender, crash contributing factors, vehicle type, time of 
day/year, and county, just to mention a few.  
While, the fact book covers a wide variety of pertinent statistics, some statistics 
pertaining to the drivers’ are absent. For example, statistics like driver survival rate in 
fatal crashes by restraint used or repeat crash offenders by severity, are not available in 
the fact book for various reasons, one of which most likely would be the complexity of 
calculating those statistics from the datasets available. In this section, statistics that are 
mostly related to the driver, that have not been provided in the SC traffic collision fact 





relational joins created earlier in this research between the DMV driver database and the 
SCDOT crash database ‘location,’ ‘unit,’ and 'occupant’ files. 
The summary statistical tables in this section were produced from a combination 
of four data-tables. Three of the data-tables (location, unit, and occupant files) were from 
the SCDOT crash database while the last database contained nine-digit zip code data 
(from the SCDMV) of drivers’ licenses involved in crashes in South Carolina from 2007 
to 2012. The drivers’ license data was extracted from the ‘unit’ database from the 
SCDOT. Each table in this section required a relational join specific tables in order to 
extract the data. Therefore, the sum of drivers and/or crashes was not be the same for all 
tables due to data loss during the data processing stages for geocoding crashes and 
drivers’ license acquisition from SCDMV shown in Tables 1, 2 and 3 in Chapter 2. 
Further data loss was incurred from the specific relational database joins required for the 
data extraction of the various tables. For example, the sum of drivers (1,243,298) 
involved in crashes in Table A1 and A2 is higher than the sum of restrained/unrestrained 
drivers (919655) shown in Table A58. This is because the data from Table A58 was 
extracted from the SCDOT occupant unit file without further processing and therefore, 
did not require a relational database join. On the other hand, the restrained/unrestrained 
driver data required a relational join between the unit and occupant files because, while 
the driver information for each unit involved in the crash was in the unit file, the restraint 
usage records were in the occupant files. Furthermore, the relational joins to the location 
file and drivers’ license file were required to be able to extract statistics on categories, 





distracted driving, etc.). Also, the relational join to the geocoded drivers’ licenses made it 




TABLE A1: Drivers Involved in Crashes – By Gender (2007 - 2012) 
 
Gender Drivers Driver % 
Female 533,549 42.9 
Male 635,524 51.1 
Unknown 74,225 6.0 
Total 1,243,298 100.0 
 
 




White Black Hispanic Asian Other Unknown Total 
Drivers 775668 346294 34559 6185 6873 73719 1,243,298 
Driver % 62.4 27.9 2.8 0.5 0.6 5.9 100.0 
 
 




< 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Unknown Total 
Drivers 27547 137213 167892 236540 196962 175170 127824 106169 15143 1190460 





































DRIVERS INVOLVED IN MULTIPLE CRASHES 
 
TABLE A4: Drivers Involved in Multiple Crashes – By Gender (2007 - 2012) 
Crashes Female Male Total 
      2 50302 56228 106530 
      3 8653 10416 19069 
      4 1657 2213 3870 
      5+ 441 668 1109 
       
 
TABLE A5: Gender % by Number of Crashes    TABLE A6: Number of Crashes % by Gender 
Crashes Female % Male % Total % 
 
Crashes % Female Male Total 
2 47.2 52.8 100 
 
2 82.4 80.9 81.6 
3 45.4 54.6 100 
 
3 14.2 15.0 14.6 
4 42.8 57.2 100 
 
4 2.7 3.2 3.0 
5+ 39.8 60.2 100 
 
5+ 0.7 1.0 0.8 
Total 46.8 53.2 100 
 
Total 100.0 100.0 100.0 
 
 
TABLE A7: Drivers Involved in Multiple Crashes – By Race (2007 - 2012) 
Crashes White Black Other Total 
2 67662 36123 2757 106542 
3 11616 6939 514 19069 
4 2334 1436 101 3871 
5+ 671 410 28 1109 
 
 
TABLE A8: Race % by Number of Crashes                     
Crashes White % Black % Other % Total % 
2 63.5 33.9 2.6 100.0 
3 60.9 36.4 2.7 100.0 
4 60.3 37.1 2.6 100.0 
5+ 60.5 37.0 2.5 100.0 








TABLE A9: Number of Crashes % by Race 
Crashes % White Black Other Total 
2 82.2 80.4 81.1 81.6 
3 14.1 15.5 15.1 14.6 
4 2.8 3.2 3.0 3.0 
5+ 0.8 0.9 0.8 0.8 
Total 100.0 100.0 100.0 100.0 
 
 
TABLE A10: Drivers Involved in Multiple Crashes – By Age (2007 - 2012) 
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 12794 20879 22862 16890 14362 10034 8662 106483 
3 2007 5106 4271 2764 2246 1462 1198 19054 
4 309 1201 871 536 398 298 251 3864 
5+ 67 332 273 158 142 74 61 1107 
Total 15177 27518 28277 20348 17148 11868 10172 130508 
  
 
TABLE A11: Age % by Number of Crashes 
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 12.0 19.6 21.5 15.9 13.5 9.4 8.1 100.0 
3 10.5 26.8 22.4 14.5 11.8 7.7 6.3 100.0 
4 8.0 31.1 22.5 13.9 10.3 7.7 6.5 100.0 
5+ 6.1 30.0 24.7 14.3 12.8 6.7 5.5 100.0 
Total 11.6 21.1 21.7 15.6 13.1 9.1 7.8 100.0 
 
 
TABLE A12: Number of Crashes % by Age Group 
Crashes % 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 84.3 75.9 80.9 83.0 83.8 84.5 85.2 81.6 
3 13.2 18.6 15.1 13.6 13.1 12.3 11.8 14.6 
4 2.0 4.4 3.1 2.6 2.3 2.5 2.5 3.0 
5+ 0.4 1.2 1.0 0.8 0.8 0.6 0.6 0.8 


























































































TABLE A13: Distracted Drivers Totals – By Gender (2007 – 2012) 
Female Male Total 
44241 46490 90731 
 
TABLE A14: Distracted Drivers Totals – By Race (2007 – 2012) 
White Black Other Total 
64951 24344 1433 90728 
 
TABLE A15: Distracted Drivers Totals – By Age (2007 – 2012) 
15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
15960 14112 17121 13118 11955 8993 9331 90590 
 
TABLE A16: Distraction Repeat Offenders - Gender (2007 – 2012) 
Crashes Female Male Total 
2 1111 1197 2308 
3 61 67 128 
4 3 6 9 
Total 1175 1270 2445 
 
TABLE A17: Gender % by Number of Crashes         TABLE A18: Number of Crashes % by Gender 
Crashes Female % Male % Total % 
 
Crashes % Female Male Total 
2 48.1 51.9 100 
 
2 94.6 94.3 94.4 
3+ 46.7 52.3 100 
 
3+ 5.4 5.7 5.6 
Total 48.1 51.9 100 
 
Total 100.0 100.0 100.0 
 
TABLE A19: Distraction Repeat Offenders - Race (2007 – 2012) 
Crashes White Black Other Total 
2 1750 548 10 2308 
3 100 27 1 128 
4 8 1 0 9 










TABLE A20: Race % by Number of Crashes                 
Crashes White % Black % Other % Total  % 
2 75.8 23.7 0.4 100.0 
3+ 78.8 20.4 0.7 100.0 
Total 76.0 23.6 0.4 100.0 
 
TABLE A21: Number of Crashes % by Race  
Crashes % White Black Other Total 
2 94.2 95.1 90.9 94.4 
3+ 5.8 4.9 9.1 5.6 
Total 100.0 100.0 100.0 100.0 
 
TABLE A22: Distraction Repeat Offenders - Age (2007 – 2012) 
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 540 488 412 274 235 181 176 2306 
3 23 24 29 15 16 10 11 128 
4 1 2 2 1 1 2 0 9 
Total 564 514 443 290 252 193 187 2443 
 
TABLE A23: Age % by Number of Crashes  
Crashes 15-19 % 20-24 % 25-34 % 35-44 % 45-54 % 55-64 % > 64 % Total % 
2 23.42 21.16 17.87 11.88 10.19 7.85 7.63 100.00 
3+ 17.52 18.98 22.63 11.68 12.41 8.76 8.03 100.00 
Total 23.09 21.04 18.13 11.87 10.32 7.90 7.65 100.00 
 
TABLE A24: Number of Crashes % by Age 
Crashes % 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 95.7 94.9 93.0 94.5 93.3 93.8 94.1 94.4 
3+ 4.3 5.1 7.0 5.5 6.7 6.2 5.9 5.6 






















































































TABLE A25: DUI Drivers Totals – By Gender (2007 – 2012) 
Female Male Total 
6602 19864 26466 
 
TABLE A26: DUI Drivers Totals – By Race (2007 – 2012) 
White Black Other Total 
19514 6507 445 26466 
 
TABLE A27: DUI Drivers Totals – By Age (2007 – 2012) 
15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
1576 4620 7199 5471 4904 2061 607 26438 
 
TABLE A28: DUI Repeat Offenders – By Gender (2007 – 2012)  
Crashes Female Male Total 
2 218 681 899 
3 7 43 50 
4 2 4 6 
Total 227 728 955 
 
TABLE A29: Gender % by Number of Crashes      TABLE A30: Crashes % by Gender 
Crashes Female % Male % Total % 
 
Crashes % Female Male Total 
2 24.2 75.8 100.0 
 
2 96.0 93.5 94.1 
3+ 16.1 83.9 100.0 
 
3+ 4.0 6.5 5.9 
Total 23.8 76.2 100.0 
 
Total 100.0 100.0 100.0 
 
TABLE A31: DUI Repeat Offenders – By Race (2007 – 2012)  
Crashes White Black Other Total 
2 726 168 5 899 
3 40 10 0 50 
4 5 0 1 6 
 
TABLE A32: Race % by Number of Crashes           TABLE A33: Crashes % by Race 
Crashes White % Black % Other % Total % 
 
Crashes % White Black Other Total 
2 80.8 18.7 0.6 100.0 
 
2 94.2 94.4 83.3 94.1 
3+ 80.4 17.9 1.8 100.0 
 
3+ 5.8 5.6 16.7 5.9 
Total 80.7 18.6 0.6 100.0 
 





TABLE A34: DUI Repeat Offenders – Age (2007 – 2012)  
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 53 155 241 200 172 65 13 899 
3 0 10 9 11 13 7 0 50 
4 2 0 0 0 3 0 1 6 
 
TABLE A35: Age % by Number of Crashes  
Crashes 15-19 % 20-24 % 25-34 % 35-44 % 45-54 % 55-64 % > 64 % Total % 
2 5.90 17.24 26.81 22.25 19.13 7.23 1.45 100 
3+ 3.57 17.86 16.07 19.64 28.57 12.50 1.79 100 
Total 5.76 17.28 26.18 22.09 19.69 7.54 1.47 100 
 
TABLE A36: Number of Crashes % by Age 
Crashes % 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 96.4 93.9 96.4 94.8 91.5 90.3 92.9 94.1 
3+ 3.6 6.1 3.6 5.2 8.5 9.7 7.1 5.9 
























































































TABLE A37: Speeding Drivers Total – By Gender 
Female Male Total 
61792 80766 142558 
 
TABLE A38: Speeding Drivers Total – By Race 
White Black Other Total 
98349 41205 3027 142581 
 
TABLE A39: Speeding Drivers Total – By Age 
15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
30363 27184 29899 20500 16390 10231 7798 142365 
 
TABLE A40: Speeding Repeat Offenders – By Gender (2007 – 2012)  
Crashes Female Male Total 
2 2250 3470 5720 
3 155 245 400 
4 12 19 31 
 
TABLE A41: Gender % by Number of Crashes    TABLE A42: Crashes % by Gender 
Crashes Female % Male % Total %                 Crashes % Female Male Total 
2 39.3 60.7 100.0  
 
2 93.1 92.9 93.0 
3+ 38.7 61.3 100.0  
 
3+ 6.9 7.1 7.0 
Total 39.3 60.7 100.0  
 
Total 100.0 100.0 100.0 
 
TABLE A43: Speeding Repeat Offenders – By Race (2007 – 2012)  
Crashes White Black Other Total 
2 4192 1475 53 5720 
3 312 86 2 400 
4 25 6 0 31 
 
TABLE A44: Race % by Number of Crashes                 
Crashes White % Black % Other % Total  % 
2 73.3 25.8 0.9 100.0 
3+ 78.2 21.3 0.5 100.0 






TABLE A45: Number of Crashes % by Race  
Crashes % White Black Other Total 
2 92.6 94.1 96.4 93.0 
3+ 7.4 5.9 3.6 7.0 
Total 100.0 100.0 100.0 100.0 
 
TABLE 46: Speeding Repeat Offenders - Age (2007 – 2012)  
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 1600 1525 1109 652 431 234 156 5707 
3 112 135 79 33 19 15 7 400 
4 6 7 5 6 6 1 0 31 
 
TABLE 47: Age % by Number of Crashes   
Crashes 15-19 % 20-24 % 25-34 % 35-44 % 45-54 % 55-64 % > 64 % Total % 
2 28.0 26.7 19.4 11.4 7.6 4.1 2.7 100.0 
3+ 27.4 32.9 19.5 9.0 5.8 3.7 1.6 100.0 
Total 28.0 27.2 19.4 11.3 7.4 4.1 2.7 100.0 
 
TABLE 48: Number of Crashes % by Age 
Crashes % 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 93.1 91.5 93.0 94.4 94.5 93.6 95.7 93.0 
3+ 6.9 8.5 7.0 5.6 5.5 6.4 4.3 7.0 











































































TABLE A49: Unrestrained Repeat Offenders – By Gender (2007 – 2012)  
Crashes Female Male Total 
2 82 430 512 
3 4 16 20 
 
 
TABLE A50: Gender % by Number of Crashes     TABLE A51: Number of Crashes % by Gender 
Crashes Female % Male % Total % 
 
Crashes % Female Male Total 
2 16.0 84.0 100.0 
 
2 95.3 96.4 96.2 
3 20.0 83.7 100.0 
 
3 4.7 3.6 3.8 
Total 16.2 83.8 100.0 
 




TABLE A52: Unrestrained Repeat Offenders – By Race (2007 – 2012)  
Crashes White  Black Other Total 
2 389  120 3 512 
3 18  2 0 20 
 
 
TABLE A53: Race % by Number of Crashes                 
Crashes White % Black % Other % Total  % 
 2 76.0 23.4 0.6 100.0 
 3 77.0 22.5 0.5 100.0 
 Total 76.5 22.9 0.6 100.0 
  
 
TABLE A54: Number of Crashes % by Race  
Crashes % White Black Other Total 
2 95.6 98.4 100.0 96.2 
3 4.4 1.6 0.0 3.8 











TABLE A55: Unrestrained Repeat Offenders - Age (2007 – 2012)  
Crashes 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 58 104 126 79 94 42 9 512 
3 1 4 5 1 7 0 2 20 
 
TABLE A56: Age % by Number of Crashes                      
Crashes 15-19 % 20-24 % 25-34 % 35-44 % 45-54 % 55-64 % > 64 % Total % 
2 11.3 20.3 24.6 15.4 18.4 8.2 1.8 100.0 
3 5.0 20.0 25.0 5.0 35.0 0.0 10.0 100.0 
Total 11.1 20.3 24.6 15.0 19.0 7.9 2.1 100.0 
 
TABLE A57: Number of Crashes % by Age 
Crashes % 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total 
2 98.3 96.3 96.2 98.8 93.1 100.0 81.8 96.2 
3 1.7 3.7 3.8 1.3 6.9 0.0 18.2 3.8 






















































RESTRAINED/UNRESTRAINED DRIVERS AND PASSENGERS 
DRIVERS 
TABLE A58: Drivers - Overall 
Unrestrained Restrained Other/Unknown Total
24488 857771 37396 919655
Unrestrained % Restrained % Other/Unknown % Total %
2.7 93.3 4.1 100  
 
TABLE A59: Fatal and Non-Fatal Crashes by Restraint Used 
Unrestrained Driver
Non Fatal Crash Fatal Crash Non Fatal Crash Fatal Crash
No Injury 8194 58 725555 1135
Possible Injury 5205 56 91447 395
Non-Incapacitating Injury 5405 84 30149 348
Incapacitating Injury 3555 142 6080 274
Fatal Injury 0 1751 0 863
Sub Total 22359 2091 853231 3015
Total
Non Fatal Crash Fatal Crash Non Fatal Crash Fatal Crash
No Injury 26193 85 759942 1278
Possible Injury 4437 14 101089 465
Non-Incapacitating Injury 1711 23 37265 455
Incapacitating Injury 751 24 10386 440
Fatal Injury 0 171 0 2785










Non Fatal Crash Fatal Crash Total by Severity
No Injury 759942 1278 761220
Possible Injury 101089 465 101554
Non-Incapacitating Injury 37265 455 37720
Incapacitating Injury 10386 440 10826
Fatal Injury 0 2785 2785
















TABLE A60: Injury and Non-Injury Crashes Only by Restraint Used 
Non Injury Crash Injury Crash Non Injury Crash Injury Crash
No Injury 6804 1390 624989 100566
Possible Injury 4 5201 47 91400
Non-Incapacitating Injury 0 5405 13 30136
Incapacitating Injury 9 3546 2 6078
Sub Total 6817 15542 625051 228180
Total
Non Injury Crash Injury Crash Non Injury Crash Injury Crash
No Injury 21940 4253 653733 106209
Possible Injury 0 4436 51 101037
Non-Incapacitating Injury 0 1711 13 37252
Incapacitating Injury 0 751 11 10375









Non Injury Crash Injury Crash Totab by Severity
No Injury 653733 106209 759942
Possible Injury 51 101037 101088
Non-Incapacitating Injury 13 37252 37265
Incapacitating Injury 11 10375 10386

















TABLE A61: All Drivers by Time of Day and Restraint Used 
 
Unrestrained Restrained Other/Unknown Total
Nighttime 9920 155567 488334 653821
Daytime 14540 701845 192307 908692
Total 24460 857412 680641 1562513
Unrestrained% Restrained% Other/Unknown % Total %
Nighttime 1.5 23.8 74.7 100
Daytime 1.6 77.2 21.2 100
Total 1.6 54.9 43.6 100
Unrestrained Restrained Other/Unknown Total 
Nighttime % 40.6 18.1 71.7 41.8
Daytime % 59.4 81.9 28.3 58.2










TABLE A62: Fatal Crash Drivers by Time of Day and Restraint Used 
 
Unrestrained Restrained Other/Unknown Total
Nighttime 1131 1140 217 2488
Daytime 956 1874 209 3039
Total 2087 3014 426 5527
Unrestrained% Restrained% Other/Unknown % Total %
Nighttime 45.5 45.8 8.7 100.0
Daytime 31.5 61.7 6.9 100.0
Total 37.8 54.5 7.7 100
Unrestrained Restrained Other/Unknown Total
Nighttime % 54.2 37.8 50.9 45.0
Daytime % 45.8 62.2 49.1 55.0
















TABLE A63: Fatal Crash Drivers (With Driver Fatality) by Time of Day 
 
Unrestrained Restrained Other/Unknown Total
Nighttime 957 287 132 1376
Daytime 789 575 140 1504
Total 1746 862 272 2880
Unrestrained% Restrained% Other/Unknown % Total %
Nighttime 69.5 20.9 9.6 100
Daytime 52.5 38.2 9.3 100
Total 60.6 29.9 9.4 100
Unrestrained Restrained Other/Unknown Total 
Nighttime % 54.8 33.3 48.5 47.8
Daytime % 45.2 66.7 51.5 52.2
Total % 100.0 100.0 100.0 100.0
Time of Day
Time of Day
Fatal Crash Drivers - Driver Fatality
Fatal Crash Drivers - Driver Fatality
Fatal Crash Drivers - Driver Fatality
Time of Day
 
When driver is unrestrained – Driver fatality occurs 83.7 % of the time in fatal crash  
When driver is restrained – Driver fatality occurs 28.6 % of the time in fatal crash  
 
 
TABLE A64: Injury Crash Drivers by Time of Day 
 
Unrestrained Restrained Other/Unknown Total
Nighttime 6338 47452 3786 57576
Daytime 9213 180993 9755 199961
Total 15551 228445 13541 257537
Unrestrained% Restrained% Other/Unknown % Total %
Nighttime 11.0 82.4 6.6 100
Daytime 4.6 90.5 4.9 100
Total 6.0 88.7 5.3 100
Unrestrained Restrained Other/Unknown Total
Nighttime % 40.8 20.8 28.0 22.4
Daytime % 59.2 79.2 72.0 77.6














TABLE A65: Injury Crash Driver (With Driver Injury) by Time of Day 
 
Unrestrained Restrained Other/Unknown Total
Nighttime 5882 29399 2777 38058
Daytime 8277 98314 6269 112860
Total 14159 127713 9046 150918
Unrestrained% Restrained% Other/Unknown % Total %
Nighttime 15.5 77.2 7.3 100
Daytime 7.3 87.1 5.6 100
Total 9.4 84.6 6.0 100
Unrestrained Restrained Other/Unknown Total
Nighttime % 41.5 23.0 30.7 25.2
Daytime % 58.5 77.0 69.3 74.8
Total % 100.0 100.0 100.0 100.0
Time of Day
Injury Crash Drivers- Driver Injured
Time of Day
Injury Crash Drivers- Driver Injured
Injury Crash Drivers- Driver Injured
Time of Day
 
Driver unrestrained – Driver Injury occurs 91.1 % of the time in Injury Crashes  
Driver restrained – Driver Injury 55.9 % of the time in Injury Crashes  
 
TABLE A66: Restraint Use by Age 
 
Age Group Unrestrained Restrained Other/Unknown Total
< 15 39 864 140 1043
15-19 2912 108594 4393 115899
20-24 4314 118994 5859 129167
25-34 5922 169375 8098 183395
35-44 4322 145805 6737 156864
45-54 3799 131558 6082 141439
55-64 2019 97856 4229 104104
Above 64 1115 83096 3249 87460
Total 24442 856142 38787 919371  
TABLE A67: Restraint Use by Race 
Race Unrestrained Restrained Other/Unknown Total
White 16796 572776 24461 614033
Black 7405 265860 13660 286925
Hispanic 167 8832 321 9320
Asian 25 4299 151 4475
Other 51 4536 163 4750
Total 24444 856303 38756 919503  
173 
TABLE A68: Restraint Use % by Race 
Race Unrestrained % Restrained % Other/Unknown % Total %
White 2.74 93.28 3.98 100
Black 2.58 92.66 4.76 100
Hispanic 1.79 94.76 3.44 100
Asian 0.56 96.07 3.37 100
Other 1.07 95.49 3.43 100
Total 2.66 93.13 4.21 100
TABLE A69: Restraint Use by Gender 
Gender Unrestrained Restrained Other/Unknown Total
Female 5532 419588 14930 440050
Male 18916 436809 21951 477676
Unknown 7 160 18 185
Total 24462 856557 36909 917928
TABLE A70: Restraint Use % by Gender 
Gender Unrestrained % Restrained % Other/Unknown % Total %
Female 1.26 95.35 3.39 100
Male 3.96 91.44 4.60 100
Unknown 3.78 86.49 9.73 100
Total 2.66 93.31 4.02 100
PASSENGERS
TABLE A71: Occupant (Drivers/Passengers) Restraint 
Totals Unrestrained Restrained Other/Unknown Total
Driver 24455 856557 37077 919655
Passenger 14986 384028 15674 414688
Other/Unknown 9566 2362 25830 38081







TABLE A72: Occupant (Drivers/Passengers) % by Restraint Used 
 
Unrestrained Restrained Other/ Unknown Total
Driver % 49.90 49.90 47.18 67.01
Passenger % 30.58 30.58 19.95 30.22
Other/Unknown % 19.52 19.52 32.87 2.77
Total 100 100 100 100  
 
TABLE A73: Restraint Used % by Occupant (Drivers/Passengers) 
 
Unrestrained % Restrained % Other/ Unknown % Total
Driver 2.66 93.14 4.03 100
Passenger 3.61 92.61 3.78 100
Other/Unknown 25.12 6.20 67.83 100
Total 3.57 90.57 5.73 100  
 
TABLE A74: Drivers and Passengers Restraint Groups 
 





















TABLE A75: Drivers Restraint Groups and Passengers Restraint Group % 
 














Unrestrained Driver 24455 6924


























Unrestrained Passenger 29 61 90 179 250 609
Restrained Passenger 24 41 40 50 36 191
Other/Unknown 3 2 9 6 4 24
Sub-Total 56 104 139 235 290 824
Unrestrained Passenger 19 32 19 40 134 244
Restrained Passenger 518 255 177 159 230 1339
Other/Unknown 7 2 9 15 17 50
Sub-Total 544 289 205 214 381 1633





























Unrestrained Passenger 4.76 10.02 14.78 29.39 41.05 100
Restrained Passenger 12.57 21.47 20.94 26.18 18.85 100
Other/Unknown 12.50 8.33 37.50 25.00 16.67 100
Sub-Total 6.80 12.62 16.87 28.52 35.19 100
Unrestrained Passenger 7.79 13.11 7.79 16.39 54.92 100
Restrained Passenger 38.69 19.04 13.22 11.87 17.18 100
Other/Unknown 14.00 4.00 18.00 30.00 34.00 100




























Unrestrained Passenger 1422 1204 988 523 4137
Restrained Passenger 931 519 235 86 1771
Other/Unknown 77 73 26 12 188
Sub-Total 2430 1796 1249 621 6096
Unrestrained Passenger 2522 1667 843 359 5391
Restrained Passenger 228962 45455 10462 1596 286475
Other/Unknown 1551 648 172 68 2439
Sub-Total 233035 47770 11477 2023 294305



































Unrestrained Passenger 34.37 29.10 23.88 12.64 100
Restrained Passenger 52.57 29.31 13.27 4.86 100
Other/Unknown 40.96 38.83 13.83 6.38 100
Sub-Total 39.86 29.46 20.49 10.19 100
Unrestrained Passenger 46.78 30.92 15.64 6.66 100
Restrained Passenger 79.92 15.87 3.65 0.56 100
Other/Unknown 63.59 26.57 7.05 2.79 100


























Unrestrained Passenger 535 1202 988 522 3247
Restrained Passernger 484 517 235 86 1322
Other/Unknown 36 75 26 12 149
Total 1055 1794 1249 620 4718
Unrestrained Passenger 801 1666 843 359 3669
Restrained Passernger 47402 45395 10455 1596 104848
Other/Unknown 473 648 172 68 1361


















































Passengers White Black Hispanic Asian Other Total
Unrestrained Passenger 2691 1951 76 1 23 4742
Restrained Passenger 1179 739 37 2 4 1961
Other/Unknown 113 94 5 0 7 219
Sub-Total 3983 2784 118 3 34 6922
Unrestrained Passenger 2622 2846 109 17 32 5626
Restrained Passenger 163024 116434 4759 1458 1709 287384
Other/Unknown 1109 1444 50 8 264 2875
Sub-Total 166755 120724 4918 1483 2005 295885















Passengers White Black Hispanic Asian Other Total
Unrestrained Passenger 56.75 41.14 1.60 0.02 0.49 100.00
Restrained Passenger 60.12 37.68 1.89 0.10 0.20 100.00
Other/Unknown 51.60 42.92 2.28 0.00 3.20 100.00
Sub-Total 57.54 40.22 1.70 0.04 0.49 100.00
Unrestrained Passenger 46.61 50.59 1.94 0.30 0.57 100.00
Restrained Passenger 56.73 40.52 1.66 0.51 0.59 100.00
Other/Unknown 38.57 50.23 1.74 0.28 9.18 100.00
















< 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
Unrestrained Passenger 418 1271 874 858 522 407 178 196 4724
Restrained Passenger 359 480 278 311 169 129 84 147 1957
Other/Unknown 34 48 40 42 26 13 8 5 216
Total 811 1799 1192 1211 717 549 270 348 6897
Unrestrained Passenger 819 1345 779 880 584 494 283 426 5610
Restrained Passenger 48596 57073 29758 39812 29544 26294 20839 34839 286755
Other/Unknown 601 479 286 419 312 271 159 332 2859
Total 50016 58897 30823 41111 30440 27059 21281 35597 295224

















< 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
Unrestrained Passenger 8.85 26.91 18.50 18.16 11.05 8.62 3.77 4.15 100.00
Restrained Passenger 18.34 24.53 14.21 15.89 8.64 6.59 4.29 7.51 100.00
Other/Unknown 15.74 22.22 18.52 19.44 12.04 6.02 3.70 2.31 100.00
Total 11.76 26.08 17.28 17.56 10.40 7.96 3.91 5.05 100.00
Unrestrained Passenger 14.60 23.98 13.89 15.69 10.41 8.81 5.04 7.59 100.00
Restrained Passenger 16.95 19.90 10.38 13.88 10.30 9.17 7.27 12.15 100.00
Other/Unknown 21.02 16.75 10.00 14.66 10.91 9.48 5.56 11.61 100.00












TABLE A86: Unrestrained Driver - Age Crosstab 
 
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 2 6 3 0 0 0 0 4 15
15-19 141 700 156 52 20 14 10 20 1113
20-24 55 288 399 192 49 35 16 8 1042
25-34 107 161 213 397 142 76 36 76 1208
35-44 71 70 55 112 172 99 20 33 632
45-54 23 30 36 70 98 131 39 13 440
55-64 17 11 8 28 25 38 47 15 189
Above 64 6 6 4 7 16 14 10 27 90
Subtotal 422 1272 874 858 522 407 178 196 4729
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 2 1 0 0 0 0 0 3
15-19 81 231 45 12 14 4 2 7 396
20-24 75 112 124 71 24 18 6 11 441
25-34 102 75 72 153 46 44 21 55 568
35-44 58 33 16 40 46 24 15 22 254
45-54 21 15 11 24 28 26 15 18 158
55-64 12 2 6 6 7 12 13 11 69
Above 64 11 10 4 5 3 1 12 23 69














TABLE A87: Unrestrained Driver % - Age Crosstab 
 
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 13.3 40.0 20.0 0.0 0.0 0.0 0.0 26.7 100
15-19 12.7 62.9 14.0 4.7 1.8 1.3 0.9 1.8 100
20-24 5.3 27.6 38.3 18.4 4.7 3.4 1.5 0.8 100
25-34 8.9 13.3 17.6 32.9 11.8 6.3 3.0 6.3 100
35-44 11.2 11.1 8.7 17.7 27.2 15.7 3.2 5.2 100
45-54 5.2 6.8 8.2 15.9 22.3 29.8 8.9 3.0 100
55-64 9.0 5.8 4.2 14.8 13.2 20.1 24.9 7.9 100
Above 64 6.7 6.7 4.4 7.8 17.8 15.6 11.1 30.0 100
Subtotal 8.9 26.9 18.5 18.1 11.0 8.6 3.8 4.1 100
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 0.0 66.7 33.3 0.0 0.0 0.0 0.0 0.0 100
15-19 20.5 58.3 11.4 3.0 3.5 1.0 0.5 1.8 100
20-24 17.0 25.4 28.1 16.1 5.4 4.1 1.4 2.5 100
25-34 18.0 13.2 12.7 26.9 8.1 7.7 3.7 9.7 100
35-44 22.8 13.0 6.3 15.7 18.1 9.4 5.9 8.7 100
45-54 13.3 9.5 7.0 15.2 17.7 16.5 9.5 11.4 100
55-64 17.4 2.9 8.7 8.7 10.1 17.4 18.8 15.9 100
Above 64 15.9 14.5 5.8 7.2 4.3 1.4 17.4 33.3 100
















TABLE A88: Restrained Driver - Age Crosstab 
 
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 2 0 1 2 0 0 1 2 8
15-19 148 692 157 69 40 25 5 30 1166
20-24 107 211 288 177 85 50 18 24 960
25-34 161 145 145 333 149 113 60 108 1214
35-44 166 153 91 141 137 85 63 67 903
45-54 112 77 59 83 104 125 51 70 681
55-64 86 36 25 48 49 62 56 53 415
Above 64 39 31 13 27 20 35 29 72 266
Subtotal 821 1345 779 880 584 495 283 426 5613
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 55 82 32 41 37 26 25 41 339
15-19 6762 26023 4667 1857 1990 1521 706 1256 44782
20-24 5800 8455 12513 6890 2842 2176 1089 1233 40998
25-34 13200 6904 5935 17491 7519 5434 4441 7725 68649
35-44 13031 8087 2637 6680 9499 4756 3595 7492 55777
45-54 5934 4880 2483 3653 4183 7146 2801 4092 35172
55-64 2511 1725 1022 2319 2271 3393 5532 3600 22373
Above 64 1524 941 482 889 1218 1858 2655 9427 18994













TABLE A89: Restrained Driver % - Age Crosstab 
 
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 25.0 0.0 12.5 25.0 0.0 0.0 12.5 25.0 100
15-19 12.7 59.3 13.5 5.9 3.4 2.1 0.4 2.6 100
20-24 11.1 22.0 30.0 18.4 8.9 5.2 1.9 2.5 100
25-34 13.3 11.9 11.9 27.4 12.3 9.3 4.9 8.9 100
35-44 18.4 16.9 10.1 15.6 15.2 9.4 7.0 7.4 100
45-54 16.4 11.3 8.7 12.2 15.3 18.4 7.5 10.3 100
55-64 20.7 8.7 6.0 11.6 11.8 14.9 13.5 12.8 100
Above 64 14.7 11.7 4.9 10.2 7.5 13.2 10.9 27.1 100
Subtotal 14.6 24.0 13.9 15.7 10.4 8.8 5.0 7.6 100
Driver Age Group < 15 15-19 20-24 25-34 35-44 45-54 55-64 > 64 Total
< 15 16.2 24.2 9.4 12.1 10.9 7.7 7.4 12.1 100
15-19 15.1 58.1 10.4 4.1 4.4 3.4 1.6 2.8 100
20-24 14.1 20.6 30.5 16.8 6.9 5.3 2.7 3.0 100
25-34 19.2 10.1 8.6 25.5 11.0 7.9 6.5 11.3 100
35-44 23.4 14.5 4.7 12.0 17.0 8.5 6.4 13.4 100
45-54 16.9 13.9 7.1 10.4 11.9 20.3 8.0 11.6 100
55-64 11.2 7.7 4.6 10.4 10.2 15.2 24.7 16.1 100
Above 64 8.0 5.0 2.5 4.7 6.4 9.8 14.0 49.6 100
Subtotal 17.0 19.9 10.4 13.9 10.3 9.2 7.3 12.1 100
Restrained 
Driver
Categories Passenger Age Group
Unrestrained 
Passenger

































































Cluster Analysis Maps 
 
Appendix B contains cluster analysis maps created for the following attributes: 
 
 At-risk drivers per 1000 driving population (2007 – 2012) 
 Average median household income  
 Percent of the population living in poverty 
 Fatal and injury crashes per 1000 driving population (2007 – 2012) 
 Crashes per 1000 driving population (2007 – 2012) 
 Educational attainment – Population with at least a college diploma 
 Educational attainment – Population with a high school diploma only 
 Educational attainment – Population without a high school diploma 
 Population – Black/African American 
 Population – White/Caucasian 
 Population – Hispanic 
 Population – Asian 
 Average vehicle age  
 Vehicles per household 
 Drivers involved in multiple crashes (2007 – 2012) 
 At-risk distracted drivers (2007 – 2012) 
 At-risk distracted drivers per 1000 driving population (2007 – 2012) 
 At-risk DUI drivers (2007 – 2012) 
 At-risk DUI drivers per 1000 driving population (2007 – 2012) 
 At-risk speeding drivers (2007 – 2012) 
 At-risk speeding drivers per 1000 driving population (2007 – 2012) 
 At-risk unbelted drivers (2007 – 2012) 






FIGURE B1    Significant Clusters of At-Risk Drivers per 1000 Driving Population 






FIGURE B2    Significant Clusters of Average Median Household Income 






FIGURE B3    Significant Clusters of Percent of the Population Living in Poverty 








FIGURE B4    Significant Clusters of Fatal/Injury Crashes per 1000 Driving Pop 






FIGURE B5    Significant Clusters of Crashes per 1000 Driving Population 








FIGURE B6    Significant Clusters of Population with at least a College Diploma 






FIGURE B7    Significant Clusters of Population with High School Diploma Only 







FIGURE B8    Significant Clusters of Population without High School Diploma 






FIGURE B9    Significant Clusters of Black/African American Population 







FIGURE B10    Significant Clusters of White/Caucasian American Population 






FIGURE B11    Significant Clusters of Hispanic Population 







FIGURE B12    Significant Clusters of Asian Population 






FIGURE B13    Significant Clusters of Average Vehicle Age 







FIGURE B14    Significant Clusters of Vehicles per Household 






FIGURE B15    Significant Clusters of Drivers involved in Multiple Crashes 






FIGURE B16    Significant Clusters of At-Risk Distracted Drivers 






FIGURE B17    Clusters of At-Risk Distracted Drivers per 1000 Driving Population 







FIGURE B18    Significant Clusters of At-Risk DUI Drivers 






FIGURE B19    Clusters of At-Risk DUI Drivers per 1000 Driving Population 







FIGURE B20    Significant Clusters of At-Risk Speeding Drivers 






FIGURE B21    Clusters of At-Risk Speeding Drivers per 1000 Driving Population 







FIGURE B22    Significant Clusters of At-Risk Unbelted Drivers 






FIGURE B23    Clusters of At-Risk Unbelted Drivers per 1000 Driving Population 







Outlier analysis on a variable identifies and groups statistically significant high 
values (in light red), statistically significant low values (in light blue). In addition, outlier 
analysis identifies and groups statistically significant high outliers - that is a high value 
surrounded by low values (in red) and statistically significant low outliers – that is a low 
value surrounded by high values (in blue). Outlier analysis was done for the following 
aggregated block group variables. 
 At-risk drivers per 1000 driving population (2007 – 2012) 
 At-risk speeding drivers per 1000 driving population (2007 – 2012) 
 At-risk distracted drivers per 1000 driving population (2007 – 2012) 
 At-risk DUI drivers per 1000 driving population (2007 – 2012) 
 At-risk unbelted drivers per 1000 driving population (2007 – 2012) 











































Grid Analysis of Crash Contributing Factors 
In this appendix, spatial analysis on some crash contributing factors and other categories 
was done using a statewide gridded approach. The following maps show gridded 
statewide color thematic maps of aggregated attributes with some close-ups at sample 
locations to demonstrate the benefit of this analysis. The classification or groupings of the 
color ramp for attributes are subjective and could be modified to have breaks that better 
suite a particular county, city, or area. This is recommended because the statewide 
classification highlights troubled areas within the state which would not necessarily be 
helpful to local jurisdictions with relatively low crashes or at-risk drivers due to the wide 
range of values for the attributes. It would be better for counties, cities or local 
jurisdictions to create attribute classes (color ramps) that compare grid cells within that 
area thus zeroing in on high risk grid cells relative to the surrounding grid cells. The 
contributing factors and additional categories looked at were:  
 Speed related – Both crash location and driver residential location 
 Distraction – Both crash location and driver residential location 
 Driving under the influence (DUI) – Both crash location and driver residential 
location 
 Unbelted – Both crash location and driver residential location 
 Young driver fatal or injury – Both crash location and driver residential location 
 Repeat speed related crashes – Driver residential location only 
 Repeat distraction related crashes – Driver residential location only 
 Repeat DUI related crashes – Driver residential location only 




















































































































































































South Carolina High School Analysis 
This appendix contains the complete list (Tables E1-1 to E1-11) of public high school 
attendance zones (with high school information and statistics) used to investigate young 
driver crash involvement in Chapter Three. In addition, color thematic maps (Figures E1 
to E8) of the attendance zone young driver crash rate and high school statistics are 
presented in this section. The double asterisk (**) sign in the tables show high schools 
that have a mandatory ‘Alive at 25’ program while the single asterisk (*) show high 
schools that run the ‘Alive at 25’ program but do not mandate students to take it. Also, 
the column heading ‘At-Risk Rate’ represents young drivers (15-19) involved in fatal or 
injury crashes per 100 enrollment. Lastly, the numbering on the color thematic maps 


















































































































FIGURE E8: School Rating - South Carolina Public High School Attendance Zones 
